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Ik the work which is now presented to the publiet 
the author has endeavoured to exhibit in as popu< j 
lar, and, at tlie same time, aa condensed a form as ' 
possible, the principles and leading facts of the ap* j 
plication of the theory of mechanics to useful pur*] 
posea. With this view, the nature and mode of ac- 1 
lion of the prime movers which are employed in tha I 
irytrts, and the engines through whose interventioa , 
?they arc brought into efficient action, have beeq | 
* briefly considered ; a selection of usefLi! machineij 
1 , has been introduced, as an illustration of the appli>j 

cation of these prime movers; and the machine rjrj 

^^ used in those manufactures, which have either beeal 
"""* BUCcessfuUy introduced into (he United States, Qt\ 
promise to be of value to our country, have been cUi 
, ^j ted as practical instances of the manner in which i 
§■ the natural agents have been brought to the aid of 
^ human industry. 

<S In treating of these subjects it hajt been attempted 
to be as brief as is consistent with an intelligible ex> 
planation of them. If, then, it ia hoped that the 



vofIe may not be without its value 
it is not intended to supersede mo' 



) practical metv 
: extensive treH" 




be a substitute for the knowledge which 
can be beat gained by ejiperiencc. On all the sub- 
jects which have been mentioned, the general popu. 
lar information which every educated person ought 
to possess has been ke()t in view, in preference to 
the details, which would have swelled the work to an 
inconvenient size. On the subjects of roads, rail- 
roads, canals, and the principles of building and nav- 
igating vessels by sails or by steam, a greater de> • 
gree of extension has been given to the articles. 
These subjects comprise the great features of in. 
ternal improvement, and are probably of mora gen- 
eral interest than any of those which have been pre- 
viously named. 

A brief sketch of the operations and methods of ' 
mining concludes the work. This, it is believed, will ■ 
be well^imed, in consequence of the attention which 
ia now awakened to the mineral wealth of the United 
Stales. 

The object which the author had originally in 
view was the preparation of a text.book for the 
course of practical mechanics and civil engineering 
which it is a part of his duty annually to teach. 
Had he confined himself to this object alone, he 
would, however, liave treated of many of the subjects 
with even greater brevity. He has, after an expe- 
rience of nearly twenty years, satisfied himself that 
the beat modo of communicating knowledge of mat- 
ters of the description here treated of, is by means 
f a concise test, fully illustrated by geometric dem- 
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oostradons, analytic investigations, and the exhibi- 
tion of drawings and working models.. With this 
impression, he invites the attention of the professors of 
colleges and. other teachers of the science of Me- 
chanics to this little treatise, in the belief that they 
will find in it all that is Absolutely necessary to be 
recollected by the general scholar, and, at the same 
time, a sufficient basis for the most extensive devel- 
opment of the application of that science to useful 
purposes. 

To facilitate its use for this purpose he has re- 
ferred firom time to time to .his *' Elements of Me- 
chanics ;" while, for those who have not an opportu- 
nity to acquire an accufate knowledge of the theory, 
similar reference has been made to the " Familiar 
Illustrations of Mechanics, by Professor Moseley," 
which forms the 96th volume of Harpers' CoiDmon 
School Library. 

Cdhanbia College, let FAnuary, 1840. ' 



^ 



CONTENTS. 

4 

1. XNTEdOUCTIOir. 

1. Definitfon of Machines ^ . • . • • .13 

2. Reasons for the use of Biiobinet 14 

3. Division of Machines . 16 

4. Different kinds of motion in Mmines, and their combi- 

nations ib. 

5. Combinatioiu of motion found hf Machines ... 17 

6. Points in Ifiihinei^ whose motion is most important . 22 

7. Prime Movers used m Eractical Mechanies • • . ib. 

8. ImpwMbHitjr iif iFi j \mm Motion . . .24 

9. Measure of the action oTii Priu^ Mover . . . ib. 

10. Dynamical equilibrium of Machines . . . . ib. 

11. Most advantageous- velocity of the impelled point of 

Machines , : * 25 

12. Variations in the motieiitff Machines . • . . ib. 

13. Principle on which the Fly-wheel acts . • • .20 

14. Other applications of that principle .... 27 

15. Principle and descriptioa«i the Ooveinor • • • ib. 

II. or PRiii*'BovBBt77>h«. • • 29 

1. CfWeukit . . ' . . ib. 

16. Mode in which a Weight. Is applied as a Prime Mover . ib. 

*' 2. 6/ Springs 30 

17. Mode in which a Spring is applied as a Prime Mover, and 

example of their use ib. 

3. QfMe Strmgth of Mm and AnimaU . . 33 

18. Animals may be considered as Machines • • . ib. 

19. Structure of Animals , ib. 

20. Mode in-whieh the Bones 4I| moved • . ib. 

21. Explanation o#the erect jpostore of Man . .35 

22. Relative lengths of the nexor and extensor mnscles in 

QuadrOpeds ... . . . . ib. 

23. Relative fengths of the flexor and extraaor mosdes in 

Birds 30 

24. Progressive motion of Animals . • • • • ib. 

25. Walking and running of Men « 37 

20. Walking and running of Horses ib. 

27. Flying . 38 

28. Motions of Fishes .«•••«%% ^ 



CONTENTS. 



32. Modes in which a 

Wiicer 

33. DeKiipticNiofin UnderahCit wheel 

34. Mutimuni effect of iin L'ndaishol w 

35. Proper DOS' " ' " " 

36. Mods of in 
3T. Underabot 





lb. . 


Bel of Ponrolel 













39. Velocit; with which the water should fall on u 

^ot wheel 

40. At what point the water shonld be introduced oi 



4!, 13. Modea o( coneliuctiiig the buckets of an Overshol 

44. Deicription and use of a Breaat wheel . . . . M 

45. ReacrinK wheel, or Barlter'a MiU S5 

46. Impravemenl on Baiker'a MiU 57 

IT. Wheel reacting beneath the Burface of Water . . ib. 

48. Spiral Reacting wheel ib. 

49. Limit to the use of an Oyershoi wheel, and lubatilute 

when the limit i* reached S9 

50. Horizontal wheels bTiav>ul>e ih. 

61, Horliontal wheels withspiral channeb . . . .GO 

S3. Danaide . ib. 

5. O/lhi Wind .... 61 

63, 54, 65, 5ft Windmills ib. 

G. Of Slum D4 

in or Steam ib. 



Relamnbetwec 


the tension and tolnme of Steam 


, ib. 


Causes of the de 
Maleriala and al 


cayofBoilera .... 
enjth of BoilBra .... 


. 65 



Unph of Ihe flues of Boil 

Quanliljr of Steam eene rated by Boilen 

Dimenaions ofihe Furnaces of Sieam-' 

Dangers arising from defect of Water .-..71 

Gauge-cocks and water-gaugB 78 

Feeding apparatus 73 

Sleam-gaugs 74 



• 



CONTSNTS. IX 



r* 



70. Safety-valve • • 

71. Use ofaThennomelier 75 

72. Valves of fusible meUl ib. 

73. Dampers 76 

74. Precautions to be obssrred in the we^ofBoilen . . Ik 

75. Proof of Boilers • . • ib. 

76. Steam-eoEines ib. 

77. Savar]r*s Engioe 77 

78. Objections to Savary*s Engine 80 

79. Newcoinen and Cawley's Engine fl». 

80. Defects in MewconMO and Cawlej*s Engiiie • • . 88 

81. Improvement discofered by Watt 83 

82. Hot-water pomp 84 

83. Cold-water pomp-n fti. 

84. Steam used by Watt as the moving power .. . . ib. 

85. Plug-frame anid Hand-gear 85 

86. Description of Watt's single-acting Engine • • . &. 

87. DescriptioQ of Watt's double-acting Engine . • . ib. 

88. Throttle valve 80 

80. Steam chests and side pipes •••••. fl». 

00, 91. Puppet valves ib. 

02. Side valves 00 

03. Description of the Cylinder • • • • ' • .01 

04. Piston and its packing ibu 

05. Description of the Condenser 03 

06. Foot valve fl>. 

07. Air-pump ib. 

06. Cold-water Cistern 04 

09, 100. Cold and Hot water Pomps ib. 

101. Relative dimensioDs of CylisHr, Condenser, and Air- 

pump ' ib. 

102. Vacuum-gauge ttk 

103. Changes necessary in the engines of Steamboats • . ib. 

104. 105, 106. Working-beam and Parallel motion . 05 

107. Crank 98 

108. Eccentric ib. 

109. Modes of estimating the power of Steam-engines . . 90 

110. HI, 112. Condensing Engines scting expensively . . 101 

113. Mode of using high steam 103 

114. Difference in structure of high pressure and condensing 

Engines fb. 

115. Valves of high pressure engines ib. 

116. Horixootal Engmes 104 

117,118. Coinparisonofcondensing and high pressure Engines ib. 

110. Avery's Engine ibu 

120. Rotary Engines 105 

III. MACHINSS HOTBD BY DBSCBNDIlfO WlXOHTt . 106 

121. Mode of regulating the descent of a Weight . . , tk, 
1S2. Use of the Pendiuom as a regulator • • 4 Ik 



I 



Wi !"• ,M 



CONTENTS 

<n and object ora Clock . 



5. Conipenaaiiuri PiDduliims 

6. ilarri>l, RatchFt, and Kalcbet-wheel 
T. pescnption of the comiDon Clock . 

B. ObjeciioTis 10 ths Crown-wheel and P» 
9. CUK^ks by ITianklui, Fersuso^i, and 8r< 



!. fiitcbet snd Msinlaining Spring 
B. Number of wheels, tec, in tbe cor 
7. Regulalor .... 
^ CojnpensHi 



I. DiSsre 



laofSi 



and BalanclK 



3. Pnnriple on wbicli the Fuflee and Cbain ma; tx 

penMd witb 

I. Cbronotnelers 

i. Description of the comman Watch 
3. Comparison of Watches and Clocks 
1. DiviBioQ of labour in Watch-making 



i. Other Prime Moven more ad 

BCrenglb of Han . 
1. Oeacription of the Crane 
J. Deaoription of the Gin or Triangli 
i. Deseriptioa of Ibe Derrick 
). DeKription of the Pile Engine 



anCageouB than the 



1. HeaaurBoftheforcBofaHorasindraugbt . . . i 

I. Piinciplaa on which wbeols are applied . . . . i 

I. Proper diameter of Wheels 1! 

I. 154, 155, CoinpsrisDnoftwoand four wheeled orriagn 1! 

i. Relative heighls ofthe (ore and hind Wbeela . . U 

t. Mode of compensating a difference in the streDgth of 

Horses H 

J. Slructtiio of the Wheels of Carriages . . . . i 

). Adianlages of broad Wheels f 

3. Value ofSprings applied to csniagM . . . .U 

I. Msteriala proper for Koad-making t 

I. Bregdiboflhe carnage-way of Roada . . . .11 

I, IG4. CrosssECtionofKoad > . i' 



IM. Dilche»«ndCutTen» . 
! 1116, Oisiel ■■ a material for K 
[ ]«T. PriDciples on which ihe S 
1' M Knlea For Uying uui Roadi 



17& Ongin and pragreu of Railtoadi 

173. Miieciala ami conMiuctiDii o( Kailioada . 

114. tiraile uf Railroad* 



). Dtwcriplion o 



183. ESecU at 

"L Breadth of iha irack of R»i 

185. PerfamuDce of LocoinDiivi 



»: 



1. Eltima rr-v - - 

i. WaalB Gates, Wiera, Cnlrerla, ond Aquodueta 

L Wei Docks 

r. Dry Dock> 

L iqoeduclB for Ihe aupplv dfciliBa . 

I. Natural niocesB in which watar is purified . 

I. Value of^upen cl;anne1> for the auppl; of citiea 

1. U»e of Rewttoirs 

I, 303. Use of Waler-wheeia and Steam-engitiea 
lupplj of ciiiea with Water 

Modea of oroesing Ta]leyg wiib Aqueducla . 

Hodea of aupplying Water at different Ir— '- 



i. Mode of diatribui 
r. Obatmcll 

moimg tbem 






g Water i 
pipes a 



, anbjcci 



i 



COM TB NTS. 



1 



I. Fotailam of Hrro . . . , 

SOB. Deacription oTIhe FoudUin ofHero .... 

2. Machint a/ ScliemiHl* .... 

909. Deiciiptioti of the Machine of Schemnili . 

3. PampofVaiBn .... 
Sia. DeacriptLon of the Pump of Vialon .... 

4. Bucket MuGhim .... 
811. Machine composed dF single Buckets .... 
SIS. Machme composed ofchams of tiucket* . . . 

S. Siphm of Vmtari .... 

513. Deacription of tbo Siphon of Venturi . . . < 

a HydnwIicRam . . . . 

514. Principles snd description of Ihe Hydiauiic Run oT 

Mougolfier 

7- P'^P- 

21S. Dilferent valies used in Pumps 

316, Value of the common Pump 

217. Pumps without friction 

2IB. Effect of atmoapheric pressure in ths comnum PniDp . 

319, 320. Forcing pumpa , , 

221. Fire-eDEina 

S22. Rotary Pumpa 

6. Pimp of Vm .... 

323, Doscriplim ofthe Pump of Vera . > . , , 

9, Cmiri/ttgiil Amp .... 

SM. Deacriptioa of the Centrifugal Pump .... 

10, Cham P1DI9 .... 

225. Vertical Chain Pump 

226, Inclined Chain Pomp 

227, Dredging Machine 

11. So™./ 

228. Principle and origins) form 
S3S, Other forms of that InEtruinem .... 

13. Flak What .... 
, 230, Description and performance of the FUih Wheel . 

231. Other Hydraulic Enginea 

13. Hydrindic Pmt , . 

232, Principle and atniCLUre of Ihe Hydnultc Pisu 
8S3. Applications of 'he Hvilfflulic Preaa 



CONTENTS. 



[ »t Principles of IhOBqullibrium of Vb,»oI.. 



evanlmg m leaumnt thu Change 



I lis, Tendency of Ships lo * chanie ofliguni 

I m. Mod™ of prenn- ' ■•...'•>.- 

I m. BoUiiif of Vet 

tt. Modra of iBBHouig tha 'ialence of KolJing ; Life 

Gmlheid 

m. Atf liciluma to Veuela with Sai.i and to Stiwnl 
M. Pitching of VbihIb. and modu of loHsnini Hi • 
Ml. Reiutances which oppoK the progreuKemoIion 
; WtwrUne* of VetKli 

, I in which VeiMis »ie ptopellcd . 

I Ml PnncipJea of the iclion of Ihn Wjnd upon Sails 



k 



Jtpplicalionof Sips: 
asa Consideralion 

Figure sod Telocity of Sleamlioals 



M. ModiticatioDStequirad to adapt the Sleunengine 
te of Steam upon Canala .... 



IM, Agents einplojed in drinnn msnufacturing Mac 
tSl. Necessitr for changing ifie motion of tliB en 

which the Prime Mover acts 
168. Finl mode of combining Wheels and Ailes . 
3SB. Second 

«a. Third 

Ml. WheelandPinion: modes of changing the p1an< 



m of Wheels and Pinions sre performed . 21 
t W3. Principles on which the action of W'heels and Pin- 
ions rest 2; 

•iti to aei and 2B3, Method of drawing the figures of the 
teeth of wheels ; illustntiona of ihe mode of combi- 
ning wbeets and piuiouB, drawn from planetsTj m"- 
chine* and the machine for proving chain — ■■'— 

Flouring MOU . 
I. Importance of Flouring Mills in the United 
J. Desenption of Millstones and theit acceosori 
i. Dimentioniandproduct of Millstones 

7. Labour-saving apparelus in Flouring Mills 

8. Prime Moreis applicable to Flouring Mill* 

9. Rules and Tables for Flouring Milla 




CONTENTS. 



I. DeicHpUon of Saw Uilla 

L PJaning, with Tonguing sail Grooving Mac. 



I. Modes of 

I, Blawing and Batlmg Machines 
>. CurdLDg HachiDes . 
i. Original melhiida ofSDiariini 
r, Gieal Spininf- wheel 



itidg the seed or Cotton; Whilnej'a 






ining- 



.wfawl 
n Ibe 3.! 



.earn and Waler power . 
ing Machine . 
■ Machine . 
.indsofSpmnmg . . 



). Thnutia Spinning . 



). £ Sect of Cotton Man 



ible Speeder Bad Stretching 
if Drawing bsB been carried 
9 on eomrnrt and monlB , 



Silk ITiiimficlm . 

300. Sillcworm in the United Slalea 

301. Keeling 

302 Raw Silk 

303. Winding 

sot. Doubling ind Throwing . . , . 

305. Principle! of Weaiine 




CONTINTS. Xf 

311. Calendering • .303 

312. Fulling 305 

313. Milling •.ib. 

314. Dressing ib. 

315. iShearing ib. 

Printing Maekmm • • • .306 

316. History of Printing Press ib. 

317. Applegarth's Cowper's Press . • • • . . ib. 

ZII. MIKINtt 310 

318. Definition of Mines • . ib. 

319. Minerals sought in Mines ...... ib. 

320. CharAters or Mineral Veins ib. 

321, 322, 323. Modes of seeking for Mines . . . .311 

324. Importance of surveys in Mining 314 

325. Galleries and Shafts 315 

326. Boring ib. 

827. Mines open to the day ib. 

138. Different positions in which ualuable Minerals are found 316 

329. Preparatory works ib. 

130. Works of Kesearch 318 

831,332. Modes of extracting Ore . ..... ib. 

333. Dangers of Mining 321 

834. Modes of supporting Shafts and Oalleties . . ib. 

835. Drainage of Mines 322 

836. Ventilation of Mines • 323 

137. Conclusion . • 327 



I 

( 



OUTLINES 
or 

PRACTICAL MECHANICS. 



I. 

INTEODUCTION. 

1. Machines are defined by writers on the theory 
of Mechanics as instruments by which the direction 
or intensity of a force is changed. In elementary 
treatises they are, in consequence, considered as sys- 
tems of forces, and in all the variety of their forms 
may be reduced to a single principle, known as that of 
virtual velocities.* By this it would appear, that in 
no machine is there any actual gain ; for, whenever 
the power or intensity of a force is increased by it, the 
space described in a given time is as much dimin- 
ished ; and, when velocity is gained, the intensity 
with which the moving force is diminished is in a 
like proportion. 

In proceeding a step farther, we find that in every 

machine there is a positive loss of the force applied 

to work it, for its motion is opposed by various re- 

, sistances, among which friction is the most importsmt. 

When we consider machines in their practical ap- 
plication, we find them interposed, like tools, between 
some natural agent or worker, cmd a work to be per- 

• See Mosely's lUustrations of Mechanics. Ranwick*t Ele- 
ments of Mechiuiics, book iii chap. Tii. 




- »*e fc ii *i * I ai g i . lalla 

■ • Mn km k «<^ to Miw^ 
Moid «f cvni^ K ipm< liMi 

|»»tefa ra ii.iii l.i iii Mt «Hyew»wifc«gar 
Vdb*i^tait. de M^ Am life M«4f 

he vpfOMK cad af Aewf & ,■ 

9M h. *» the ««i^ irm 

■Hi* vdadly. or il H«f be cifiMi of eiiiliM Jl 
he «wk !» be pcHboed nqBfa • 



vaMepeoaf; Sfflied, is tUi cbk. Id ckeege ike «■- 
htHj cf dK ^bM ato All be« nited far ifae per* 
faiBMte of the weifc. Thn, w we shall beraaftci 
•ee. *Uer, U&a^ dtrai^ mob giTen bci^b^ gntt 
I* ft vhed a eenaia deiemuMic lekciQ', u wbad 
k vil do the gratnt penAle (foulity of wwfc. 
ffadl « wWd Mij be fifbei Is dn*e the n aibumt* 
4 Im pMng gnio, and tbeee must heic a par- 
'* fc £ order to do the irark effectnllj. 

'■D of K aachiac, in this esse* is aol 
U bat abadatelT DeocEsu;. 

at may be capable of ""•'♦'■^ 
a degree of Ibrce, while it nay 



PRACTICAL MECHANICS. 

required to overcome a resistance, or remove ■ 

obstacle requiring the exertioD of a greater force. 

A machine may, in thia case, enable the naturai 

agent to overcome this more intense resistance, or 

'o remove an obstacle which it could not otherwise 

lir. Thus a single man may wish to Ufta stone or 

ilher weight, so gieai that it cannot be moved by his 

unassisted strength. In this case, by laying a prop 

on the ground, ou which a strong bar of wood or iron 

laid, he constructs a machine known under the 

me of the lever.* By the aid of this he can move 

reighl which would, without this aid, have required 

; united strength of several men, But the rate 

wtiich the weight is Ufted is as much less than 

4hat with which he could lift a stone of no greater 

vei^t than he could easily have moved, aa the 

veighl of the latter is less than that of the former. 

1b this case a work is performed which, to a single 

man, would have been impossible without the inter- 

Teaiton of a machine ; or a single man is rendered 

capable of performing what, without the machine, 

vould have demanded the united strength of several 

en. 

A farther advantage is gained by the use of ma- 
chines. Without them man i^ capable of using no 
ether moving force than hia own strength, or that of 
animals used only as beasts of burden ; but when 
ichines are employed, he becomes capable of call- 
gto his aid, and employing in the execution of hia 
ities, a number of other natural agents. The 
t useful of these are the force of wind, of water, 
of steam. In the use of these, the duty of the 
nen who have charge of ttiera may become tluit of 
nperiiendence alone. 

3. The machines which are used in practical me. 

■ See HoHtT IHarp^n' ad.V ^ 130. 
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chanics may be either simple or compound. Th« 
simple mochinea are only six in number, viz., the Lev. 
er, the Pulley, the Wheel and Axle, the Inclined Plane,! 
the Wedge, and the Screw.' Compound machines 
are made up of the mechanic powers, combined with; 
eacli other in various ways, and modified in variousi 
manners. In these combinations there is not only a' 
change effected in the direction and in the intensity ^ 
of the moving forces, but the character of the mo. i 
tion may be changed also. i 

4. Of the lines which any point of a machine can i 
describe, the simplest are the straight line and the < 
circle. If the point continue to move forward in I 
the same line, the motion is said to be conftnuous anA < 
Teetilineal. Of this we have no instance in the parts | 
of machines themselves, but it is oilen found in prime 
movers. 

If the point, after having described a straight line, . 
return along that line to the place whence it first set , 
out, the motion is ahemating, and ia said to be recip. ' 
roeating rectilineal. 

If the point describe an entire circle, turning con- 
tinually in the same direction, the motion is said to , 
be amtisiuous circular. 

If the point move through an arc or portion of a , 
circle, and return along that arc to the place of be- , 
ginning, the alternating motion is said to be reUpro. \ 
eating circular. t 

There may be motions either continuous or recip- i 
roeating, in curves other than a circle. It is not, \ 
however, necessary that we should distinguish these ■ 
as a separate class, and they may, in most cases, he 
considered as performed in circles whose centre is 
not the same as the fixed point around which the mo. i 
tion is performed. Motions of this character are i 

iB of MecliniiicB, book iii., chip. tL 
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distinguished by the name of eccenirie, and when 
coDtiniious ihey are called rotatmy, or, in its more 
usual, bill Jess correct form, rotary. 

5. Among iheae four kinds of motions, taken by 
pairs, ten possible combinations exist j but two of 
these never occur in practice. Machines have there- 
fore been divided into eight series, viz.: 

(1.) Those in which a continuous reetilineal mo- 
tion is converted into another of the same description, 
but different in direction. 

Instance a. simple fixed pulley, Fig. 1. In this k 




rectilineal n 



I TSeight, attached to one end 
I Vard in a straight line by t 
I opposite end of the rope downward. 
I (a.) Those in which a continuoui 
■■tioD may be convert' 
I lar, or in which a continuous circular i 
nto a continuous rectilineal motion. 
Thus, in the water-wheel. Fig. 2, the stream, run- 
I lung along a straight channel, strikes against the 
I poddies, and gives the wheel a constant motion in 
' B2 



■.r\ei \ 




the same direction; and in the well-digger's wind- 
lass, Fig. 3, the force of men applied to handles 
Fig. 3. 




turns the axla of the windlass, and the hands of the 
men describe a circle, while the weight faatened to 
the rope is drawn upward in a straight line. 

(3.) Those in which a continuous rectilineal mo- 
tion is converted into a reciprocating circular mo- 
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3. For the iJlusCration of this case wc shall cite 
the method used in crossing rivers, known under the 
> name of the flying -bridge. 

Fig. *. 




In this a rope is fastened at some distance above 
the point where the crossing is to be effected, and la 
attached to the ferry-boat at some distance from its 
stem. The rope being over a support on that side 
of the boat which is opposed to the current, the joint 
efiectofthe tension of the rope and the force of ihe 
stream is to drive the boat across the stream in a cir- 
cular arc, of which the point to which the boat is fast- 
ened is the centre. By changing the position of the 
rope to the opposite aide of the bow, a relurn to the 
bank, whence the boat waa at first caused to depart, 
is effected. 

(4.) Thoae in which a continuous circular is con. 
verted into a reciprocating rectilineal motion ; or a 
reciprocating rectilineal motion into one continuous 
and circular. Thus, in the apparatus represented 
by Fig. 5, an eccentric piate being made to revolve 
on a fixed axis, will cauae a rod which rests upon it 
to rise and fall alternately. The plate may be clr- 
cular or of any other figure ; where it has such a 
shape as is represented in the figure, it is called a 
heart- wheel. 

In the piston rod and crank of a horizontal steam, 
engine, the recljlineal reciprocating motion of the for. 
mer gives a continuous circular motion lo the latter. 




(6.) Those in which a. continuous circular molioa 
generates another motion of ihe snine description. 
For instance, a tight band may be passed over two , 
wheels at some distance from each other, and if one I 
of them be set in motion, the friclion between it and 
the band will set the band in motion, and ila friction 
on the other wheel will move ihat wheel also. So 






also if teeth bo cut on the circumference of a wheel, 
and these catch into the spaces between teeth cut 



PUCTIGAL MBCKIKICB. 21 

ipm another wheel, as in Fig. 6, the motion of eitlier 
of (hem around its centre will give motion to tho 
Jlttt in an opposite direction. 
Those in which a continuous circular is con- 
loto a reciprocating circular molion, and vice 
Thus, in the scapoment of the comniuii 
watch, a wheel, called a crown wheel, which U 
caused to revolve continually by the action of llic 
maiaspring, gives a reciprocaiing circular motion to 
ihe verge, which forms the axle of tlie balance ; in 
Ills icapeniont, represented Fig. 7, the revolation ol 
the swing-wheel of a clock gives motion to the an- 
rie.7. 




I chor pallets, which are attached to the crotch i 
l-vbich the pendulum is inserted ; and thus, in the spin- 
r, aiDg- wheel, the foot applied to a treadle gives a mo> 
"" n to and fro in acircular arc, and this molion, coQ> , 
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veyed by a rod to the crank, causes it to rerolVJ 
linuously in one direction. 

(7.) Thuse in which a reciilinea! motion is convert- 
ed into an alternating circular motion, or a recipro- 
cating circular into a reciprocating rectilineal mo- 
tion. We have an instance of the first description 
in the piijton-rod and working-beam of the usual tbrm 
of steam.engioe ; and of the second lu the handie or 
brake oi' the common pump, 

(6.) An alternating circular motion may be con- 
verted into another ol' the same description, but con- 
trary in direction. Thus a segment of a circle 
which has a reciprocating motion may be cut into 
teeth, which catch into the spaces between teeth 
formed in the segment of another circle. 

6. In every machine there are three motions which 
require to be particularly considered : 

(1.) The motion of the moving power itself, which 
may not be the same with tliat of the part of the 
machine on which it acts, 

(2.) The m6tion of the part of the machine which 
is immediately acted upon by the moving powcr,aad 
which is called the impelled point of the machine. 

(3.) The motion transmitted by the machine, par- 
ticularly that of the part by which the work is per- 
formed, which is called the working point. 

7. However great the number of machines, and 
however various the purposes lo which they arc ap- 
plied, the prime movers employed by mechanicians 
are but few in number, and are all natural agenla- 
The utmost which human art can do is to call into 
action forces which exist in a latent state, and lo di- 
rect and control their action. Of the natural agents 
which are employed in practical mechanics, the 
moat important are i 
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(!•) The force of gravity, acting through the in- 

(eirention of some descending weight. 
(2.) The elastici^ of springs. 
(3.) The strength of men and animala. 
(4.) Water. 
(5.) Wind. 

(6.) The force of the elastic vapour of water or 
steam. 

In addition, we use in a few instances the explo- 
me energy of gunpowder. The attractions of elec- 
tricity, magnetism, and chemical affinity are also 
capable of setting bodies in motion, and might there- 
fore be applied to drive machines. But the sphere 
of action of these forces is so limited as to render it 
improbable that they can ever be applied to any use- 
ful purpose, with the exception of the electro-mag- 
oetic influence. Of this an application has recently 
been made which may possibly be efTectual. The 
alternate expansion and contraction of the air by 
heat has been applied to work mere models, but 
there are important difficulties in the way of its ap- 
plication on the large scale. We shall have occa- 
sion, likewise, to refer to a machine in which the ac- 
tion of heat upon air causes motion. 

Among the prime movers which have been pro- 
posedi but have not yet been brought into use, is car- 
Donic acid condensed into the solid or liquid form. 

There is also in the continually varying pressure 
of the atmosphere a source of power which might 
be applied in some few instancesi aiid it has been 
used for winding up clocks. 

Before machines were invented, or while only 
those of the simpler descriptions were known, man 
could apply no other prime mover than his own 
strength. The introduction and improvement of 
comj^ex machines has enabled him to call into hif 
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service the great natural agents, water, wind, and 

8. Aa no motioa can take place without the ap- 
plication of an adequate force, so no machine can 
act unless driven by some natural agent. Neithei 
can any machine long continue to work after the 
prime mover ceases to act. Hence machines which 
shall keep up their own action, and which have been 
sought under the names of perpetual motions, are 
impossible. 

9. The action of a prime mover depends not only 
on its own energy or intensity, but on the velocity 
with which it tends to cause the impelled point of a 
machine to move. The product of these two quan- 
tities is called momentum. The work done is also 
to be estimated by the quantity of resistance over- 
come in a given time, or by the moineulum of the 
resistance. 

Under the term resistance are included not only 
the useful work performed, but also friction and ^ 
other retarding forces, such as the action of gravity, 
the resistance of the air or other medium in which 
the motion is performed, 

10. When the momentum of the prime mover ex- 
ceeds that of the resistance, the machine is set in 
motion, and will move from a state of rest with ac- 
celerated velocity. If the prime mover be an aU 
tractive force, which acta with equal intensity upon 
a body whether it bo at rest or in motion, the ten- 
dency to acceleration will continue. But if, as ia 
more usually the case, the prime mover act more 1 
forcibly upon bodies at rest than upon bodies in mo- ] 
tion, the rate at which the impelled point of the ma- i 
chine ia accelerated will diminish at each increase 
of its veiocily. This diminution in the action of the 
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accelerating force will continue until tbe n 
of the resistance becomes equal to thai of tlie prime 
mover. The motion of the machine Iheo becomes 
noiibrm, or will vary only within certain limita. It 
is said to be in a state of permanent working, and 
iquilibrium c uals among the Wiving and resisting 

This species of equilibrium which occurs in the 
Dtioo of a machine is called dynamical. 

11. When the prime mover is of such a nature as 
b act more forcibly upon a body at rest than upon 
B body ill motion, a maclilno impelled by it may 
«8ase to do work from two causes : it may be loaded 
vilh such a resistance that It can no longer move ; 
or it may move so fast as to receive no new impulse 
Skur the prime mover. Between these two slates 
there will be a velocity of the impelled point, with 
Thich the greatest possible quantity of work will be 
performed. This most advantageous velocity of the 

■pelted point is, in most cases, one third of the 

[test velocity of which the prime mover is capa- 

and the resistance which will be overcome at 

velocity is four ninths of tliat which will stop the 

iBotion of the machine altogether. 

12. It is, in most coses, 
I machine shall be ddne w 
regularity. A tendency to irregularity may arise 

'torn two causes : 

(1.) The prime mover may act unequally upon 
he impelled point of the machine, and yet vary with. 
B certain definite limits. 

i.) The prime mover may have a tendency to in- 
tae or diminish in its mean intensity and velocity, 
» the resistance may be subject to variation. 
Each of these cases has its appropriate remedy. 
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The first cttuse of irregularity may be counteracted' 
by a fly-wheel, the secoorf by a governor, 

18, A fly-wheel is a heavy circular disk, usually 
of metal, lo which a great velocity is given by the 
action of the prime igover transmitted through tlw 
BWchinc. This wheel, like all other bodiea, is poa- 
aessed of inertia, by which it resists the action of 
ionxA lending to accelerate it, and tends to continue 
in moijon when the action of the accelerating ferae 
-ceases to set. When, therefore, the action of the 
frimt mover is more th&n equal to the resistaace, 
the fly-wheel opposes its inertia, but still gradually 
Koquires an increased velocity and correq>andii^ 
moOKintum. When the action of the eccelerUii^ 
foroe tUmiuisbes, or even ceases alxogelher, the fiy> 
vlird does not ai once lose its reloci^, but paiti 
with A gradually, distribuiing through the other paits 
of the marhine the esc«ss oi moroentum it had pr^ 
Tiously acquired. 

Ahhough « Hy r»]uircs a pan of the moving foraa 
••«M k u ■MMA, and thus, in {»ci. adds to the rs- 
h it aotwiifastaiMiiiig freqnHuly enables an ir> 
ibioa *• do v<vk that it would oihcnrise te 
it of y w faCTwag. lias, ahboi^ ft naa m 
k ^ OTwnii g a ftiKoe etpanieBl to nk' 
' , y*, whea be tnw a maA 
« fa a |«M «f ihK lodMtiM «taB lis 
e wS Whbm bo (MM 4^ twmnh^m 
I&A>w,ti>e liHTii lerf *» imaf 
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■ 14. Some engines require no separate fly-wheel, 
as they themselves, or some of their working parts, 
may act in the manner of a fly. This is the case in 
the water-wheel, which will regulate its own motion 
and that of the machinery it drives. The principle 
which is employed in the fly-wheel is also used for 
the purpose of accumulating the force derived from 
a long succession of impulses, and discharging it at 
once upon a given object. 

The most familiar instance of this application of 
the principle is to be found in the coining engine. 
This is a screw-press, worked by a long lever, the 
two extremities of which are loaded with heavy 
weights. A rapid motion is given ,tb this lever by 
the power of men, who abandon it a short time be- 
fore the die is carried down to the coin. At the in- 
Btant the die strikes the coin, the whole of the force 
which has been communicated to the weight is dis- 
charged, and thus a deep impression is produced. 

15. When the intensity of the prime mover is sub- 
ject to variations which are not confined within fixed 
limits, or when the machine may be required to per- 
form very different quantities of work, the action of 
the prime mover itself is regulated by an apparatus 
called a governor* 

A governor consists of two heavy balls, suspended 
by means of bars from a vertical axis. Each of 
these bars is connected with the axis by a hinge. 
These bars form a part of a system of levers, by 
which a collar may be made to move upon the ver- 
tical axis. This axis derives motion from the ma- 
chine, by which a centrifugal force is communicated 
to the balls. This centrifugal force may acquire 
such intensity as to overcome the gravity of the balls. 
They will, in consequence, move outward, and thus 
communicate motion, through the system of levers, 
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lo the collar upon the axis. When the velocity di- 
raiaishcs, the balls fall inward, and thus move the col> 
lar in an opposite direction. The coilur acts upon 
an apparatus by which the intensity of the prime 
mover may be varied. Thus, in watcr-wheeU, it 
opens or closes ihe shuttle by which water is admit- 
to the wheel ; in steam-engines, it works a valve by 
which the area of the steam-pipe is increased or di- 
minished. 

One of the forms which the governor frequently 
asstunes is represented benealh. 




L natural agent which has a tendency to acceler. 
ate the machine on which it acts, may notwithstand- 
ing be made to give a regular motion, after the ac- 
celeration has gone to a certain e:(tcnt. This is done 
I^ catling into action a resistance which increases in 
intensity in a higher ratio than the velocity of the 
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put of the machipe on which it acts. Such a resist* 
aoce, it is demonstrated in the theory of mechanics, 
will finally render any motion under the action of a 
ooDstaDt accelerating force constant. 



U. 

OF PRIMB NOYBRS. 

1. Of Weights. 

16. A weight may be made to give motion to a 
machine, by attaching it to a cord, which cord may 
pass over a wheel or be coiled upon a barrel. As 
the descent of a weight thus employed has a contin- 
ual tendency to acceleration, it is necessaiy that it 
should be regulated. A regulator adapted to this 
purp()se may be formed by placing leaves or plates 
of metal in the direction of radii upon a horizontal 
fly-wheel. As the resistance of the air in which the 
fly-wheel moves increases neai^ly in the ratio of the 
square of the velocity, the resistance to the motion 
of the leaves finally becomes so great as to counter- 
act any farther tendei^ to acceleration. 

This apparatus dodTnot furnish a perfect regula* 
tor, inasmuch as the density of the air is continually 

var3ring* 

A better mode of regulating the motion of a de- 
scending weight is to be found in the pendulum. 

A machine impelled by a weight and rdgulated hy 
a pendulum is called a clock. Its structure will faie- 
explained in the proper place. 

Wherever absolute accuracy in the rate of the 
motion is not r^cj^ed, the fly-wheel with leaver wUl 

C2 
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□s a safficicat regulator to the force of a. 

weight. Its most familiar application ia in the 
' 'tcheu-jack, which is ao exact model of the 
form in which clocks were originally constructed. 
An application of the same principle on a large 
scale haa been made to counteract the tendency to 
acceleration of cars upon the inclined plane of a rail- 
way. There is an instance of this sort on the rail- 
road of the Delaware and Hudson Canal Co, 

2. Of Spriitgs. 

17. A spring is a flat plate of steel, which, if bent 
from tile position which is determined by its origi- 
nal structure, tends to return to its primitive ibroi. 
The form in which springs are usually fashioned ia 
that of a spiral coil, and such springs are usually en> 
closed in a cylinder or barrel. This barrel is ad- 
justed around a fixed pin, to which the inner end of 
the spiral is attached ; tiie opposite end is fastened 
to the barrel. The spring may be wound up, or 
caused to form an increased number of revolutions 
around the central pin, by turning the barrel. As 
soon as the force by which the spring is wound up 
is withdrawn, the spring lends to uncoil itself, aatl, 
in doing so, turns the barrel around, i 

The force with which a ^ring tends to uncoil it- 
self is not constant, but is greatest at first, and grad- 
ually diminishes, until the spring is uncoiled. If the 
spring were of equal elasticity throughout, its force 
would be always exactly proportioned to its distance 
from a stale of rest. The most frequent application 
of the spring to drive macliinery is in the case of 
the watch and chronometer. 

The arrangement of the spring and barrel will be 
understood from Fig. 9. 

Springs arc not only employed for the purpose of 




giving n 

for meosuriDg ttie jotuiuriity of forces. From the 
property which haa been stated, it wili be obvious 
thai an uncoiled Bpriog will yield to the action of a 
toiOB, until the gradually increasing lensioo is in ex< 
&CI equilibrium with the intenaity of that force. An 
Inatrument inlended for thia purpoae is called a dyn- 
amometer. The dynamometer of Rcgnier is com- 
posed of two springs, D E, Fig. 10, having each the 
shape of a circular arc, and which arc united togeth> 
er by welding to them two half rings of aleel, Q Q, 
in such manner that the whale haa the shape of an 
oval. From the middle of one of the arcs, a gradu. 
ated quadrant, N N, projects, which is fastened to 
the spring at B by a screw. The quadrant is divi. 
ded so that each division shall represent a determi- 
nate weight acting upon a screw. The moveable 
' index, O F E, is acted upon by a bent lever, E H C, 
Ibe fulcrum of which is close to the centre of the 
quadrant, and which is attached to the middle of the 
arc D, opposite to that on which the quadrant is fixed. 
The apparatus being so adjusted that the index shall 
stand at o when the spring is not acted tt^ion,'^ 
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iiRpcndud from it, and ihe positioDs into which 

dtx is brought by them marked on ihe limb, op. 

iltu lo which the quantity of weight required U 




An cprouvcltu for meaauring the force of gunpow- 
der by the (cnatou of a. spring has also beeQ iavent- 
ed. This instrument has the form of a graduated 
quadrant. At one end of the quadrant a small cup 
ia fastened, in which the gunpowder is placed and 
inflamed. This cup is closed by a flat p\a(e of iroDi 
which is presaed against its opening by a spring. 
The plate yields to the explosive action of the gun. 
powder, and the distance to which it recedes along 
the arc is the measure of the force. 

lostrumenla construcled on similar principles are 
used to measure the strength of the fibres of flax and 
henip) and of the threads spun from cotton and wooL 
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8. Of the Strength of Men and 

18. Animals may themselves be considel^d as 
machines, planned by the Creator with consum- 
mate wisdom, and admirably adapted to the several 

* states and circumstances in which they are destined 

to exist. 

19. Tlie prime mover in animals is their life, a 

force whose origin and action are to us inscrutable* 

This vital energy is made, by the exercise of the will 

or folitioii, to act in producing every variety of motion 

of which the animal is capable; but the manner in 

wiiich this volition is transmitted is also beyond the 

reach' of our finite capacities. In obedience to the 

wil^ the muscles contract or are allowed to lengthen, 

md the contractile force is applied to cause rigid 

jMurts of the animal firame to turn upon the joints. In 

Tertebrated animals, the qpuscles enclose the rigid 

parts, which are called bones. In articulated ani- 

malsy the muscles are enclosed within a jointed shell, 

to which they give motion. 

20. Each several motion of a bone is produced 
by t)ie joint operation of two muscles, which act in 
opposition to each other, and are hence called an- 
tagonists. One of these acts in its contraction to 
bend the joint, and is called the flexor muscle ; the 
other tends to straighten the joint, and is called the 
extensor. 

By the united action of two or more pairs of an- 
tagonist muscles, and by the simultaneous operation 
of those which act upon difierent bones, every variety 
of position and attitude of which an animal is capa- 
ble is produced. 

The muscles which give motion to the lim^ 
are inserted in the trunk itself^ or iu Umba xoa 
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near to ihe trunk than the parts they are iotcnded 
to move. These muscles are inserted into the limbs 
to which they give motion, at iio great distance Jrom 
the Joint. Hence each separate bone, when mov' 
around the joint as a fixed point, becomes a lever of 
the kind ranked by mechanics as the third class. 
But when the estremily of the limb is pressed 
against an obstacle, and ihe muscles act to raise the 
joint, the arrangement becomes a lever of the sec- 
ond class. 

In levers of the third claaa, veiocily is gained at 
the expense of power. But this loss of power ie 
no case attended with evil consequences, for the c 
traciile power of the muscles is in all cases adequate 
to the exigences which the habits of the animal de- 
mand. On the other hand, great benefit is derived 
from the superior degree of agility which is thus con- 
ferred, and there are maiiy cases where the mechaib 
ical action or useful effeti is to be measured hy the 
square of the velocity, instead of by the veiocily aim- 
ply. In all these cases a lever of the third class is 
required for (he most advantageous exertion of the 
strength of the muscles. The foot of man, on the 
other hand, is a lever of the second class, and is thus 
calculated to raise a great weight to a small height 
by a compai'atively small force. The muscles which 
perform this office are mucit stronger in proportion 
than iu any other animal, and, accumulated in the 
calf of the leg, add not a little to the beauty of the 
human figure. These muscles are wrapped around 
the heel, which they act to raise hy causing the foot 
to move around its ball as a fulcrum ; the weight of 
the body meanwhile presses on a point intermediate 
between the insertion of the muscles and the point 
around which the motion is performed. Man is thus 
enabled easily lo maintain, and move in that erect 
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)osture for whk:h all the rest of his structure is fit- 
jdd. This posture cannot be assumed by the ani- 
mals which in other respects approach most nearly 
x>the human structure. In these, the powerful mus- 
cles which form the calf of the leg in man are slen- 
ier and comparatively weak ; thus, what in man is 
1 firm support, becomes in them a hand. These an- 
imals are hence called quadrumana or four-handed. 

21. The erect posture in man is not assumed or 
maintained without effort. The flexor muscles of 
the limbs are shorter than the extensors, and thus 
the position of the joints, when volition ceases, as in 
ileep or death, is slightly bent. At the instant of 
iropping asleep, the muscles before in action relax^ 
smd if a constrained posture have been assumed in 
preparing for repose, a sensation is felt similar to 
that of a fall. 

The exertion required to maintain the erect pos- 
ture is so great, that the muscles which concur in 
his efibrt have frequent need of repose ; this is ob- 
tained by resting the weight unequally on the two 
bet, and shifting it alternately from one to the other. 

22. In most quadrupeds, the relaticm between the 
lengths of the flexor and extensor muscles is the 
same as in man ; and thus, when volition ceases, the 
oints bend, and the position of standing cannot be 
issumed and maintained without effort. The ele^ 
)hant is an exception to this rule. His great weight 
ivould demand a vast exertion of strength to support 
t, were the usual relation of flexors and extensors 
ireserved. But in this large animal their relative 
engths are much more near to equality, and the leg, 
Rrhcn volition ceases, takes the form of a straight 
:olumn. Hence this animal can sleep without lying 
iown. 
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23. Birds have the power of walking upon two feet, 
of standing upon but one, even when asleep, aud of 
clinging to a perch during aieep,oreven af\er death. 
These powers are given by an exactly opposite ar- 
rangement to that Ibund in the elephant. The dif- 
ference ID the length of the extensor and flexor mus- 
cles of the foot is much greater than in any of the 
mammalia. In consequence of this, the position of 
the talons, when ihe muscles arc not exerted, is that 
of the greatest curvature. In moving the fix>C, the 
action of the muscles spreads the Iocs, ami they are 
set upon the ground in their most extended position. 
The subsequent repose of the mupciea tends to draw 
the claws together, but this tendency is counteracted 
by ihe weight of the bird, and the talons are thos 
firmly fixed upon the ground, and their position is 
the more firm the less the will of the bird is exerted. 
Birds therefore may sleep resting on one or both 
feet. 

In birds which pisrch when they sleep, the tendons 
which bend the toes are tlie prolongations of muscles 
near the body. These tendons therefore pass orer 
the intervening joint, so that whenever these joiiiU 
are bent, the tendons are put to the stretch, and clog^i 
the foot mechanically. 

24. In the progressive motion of animals over the 
ground the useful effect of the muscular force may 
be resolved into two parts. By the first of these the 
whole weight of the animal, and, consequently, its ceO' 
tre of gravity, is raised a small distance at each step. 
By the second, tlie centre of gravity is pressed for. 
ward until its line of direction falls within a new 
base, provided by the forward motion of the limbs. 

The first of these motions is performed in man' 
,with great ease, in consequence of the mechanical 
property of the foot which has been mentioned, and 
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W ibe sUengili of ilic muscles of tlic calf of the teg. 
iff The second uf tlicse motions is jierformed wiiii Ihe 
I necessary rapidity, because uM tlie other limbs, as we 
I have already staled, are levers of the third class, 
■ 35. WKea a man resting equally on both feet wish- 
I a to walk, the body is swayed towards one aide until 
I ihe weight rests wholly upon one of the feel ; the 
I ether foot is then liiled from the ground, and carried 
I lorward until a, step of the usual length is taken, and 
Ihe foot ogain reaches llic ground. Whib4his mo- 
tion is peribrming by the foot and leg, the other leg 
a slightly bent, and (he muscles of the calf are ap- 
plied to raise the centre of gravity to a small height ; 
at the same time, these, wiih other muscles, are em- 
ployed to throw the body diagonally forward, until the 
weight rests upon the foot which has been in motion, 
and is just set down. The foot which bad remained 
Gist during the first step is now raised from [he 
ground, and a similar operation repeated, until it is 
planted and the weight of the body rests upoa it. In 
running, the foot whence the motion is perforjned is 
raised from the ground by a powerful exertion of the 
muscles, before the other foot is set down. In walk- 
fag, therefore, both feet are upon the ground together 
n the beginning and eod of each step, and one of 
tbem ia always resting upon it ; while, in running, the 
feet strike the ground alternately, and the body is,,in 
tbe interval, thrown into the air. 

96. A horse or other quadruped, when about to 
move, leans forward ; his feet arc then 
cesraon. In walking, one of the fore feet, say the 
right, ia first lifted and thrown forward, the left ' ' ' 
leg is lilW immediately after. A short interval 
r fbllows, after which the left fore leg is raised, and 
Lteost immediately followed by the right hind leg 
I D 
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trotting, two diagonally opposite feet are 
the same instant of lime, and, after they 
ground together, the remaining two feet are 
at the same moment. In racking, where the 
is swayed from side to aide during iho progressive 
motion, as in the walk of man, the two right feet a« 
raised in quick succession, and arc followed, after 
Shey reach the ground, by the two left feel. 

In galloping, the feel are taken up one by one, but 
'the right fore leg follows the left fore leg at a short 
linlerval ; the right hind leg moves next, and ia inl- 
mediotdy followed by the left hind leg. 

27. The motion of birds through the air, or flying 
is performed by the action, of tho wings upon the air. 
These are kept in action by means of powerful muB. 
cles situated upon the breast of the bird, and which 
are hence called pectoral. By the action of these 
powerful musciea a rapid oscillation ia given to the 
wings. Although the velocity of this motion ia equal i 
in both directions, yet as the wing ia convex above 
and concave below, It is much more resisted in the 
downward than in the upward stroke ; the result of 
the two motiona, therefore, is to raise the bird. Du- 
ring the downward stroke also, the great feathew 
which compose the wing strike the air directly, and 
close upon each other so as to form a continuous aur- 
Jace ; while during the upward atroke ihey meet the 
air obliquely, or, rather, by an edge, and the air has a 
,free_Mssage between them. The diractiott of these 
motlohs is inclined, and thus the downward stroke is 
,liot only efficient in supporting the bird, but in giving 
■it a progressive motion. The breathing apparatus 
of birds ia so constructed that the air they respire is 
passed through the quiUs and other tubes of the 
.feathers. By this circulation of air the 
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the bird is materially lessened, and may thus be sup- 
ported by a less exertion of force. 

In the bat, whose skeleton approaches closely in 
stniQture to that of man, the wings are membranes 
spread upon the hind legs and the fingers or toes of 
toe arms or fore legs. Motion is given to the latter 
of these by strong pectoral muscles, as in birds. In 
comparing the structure of this animal with that of 
man, it will be at once seen that the latter has not 
the power of flying, even with artificial wings, in 
coiisequence of a want of strength in the pectoral 
muscles. We may also see how monstrous and un- 
natural are the figures intended to represent angels 
or geniiy in which the wings are set upon the shoul- 
ders. The flight of birds is directed upward, down- 
ward, or horizontally by the feathers of the tail. 

The obliquity of the stroke of the wing differs in 
diilerent birds, and is expressly adapted to their mode 
of Kfe. It is greatest in hirds of prey, which are 
consequently better formed for horizontal progress- 
ire motion, and is least in birds which rise to great 
heights in a direction nearly vertical. 

28* Fish, which live in a denser medium, have 
bodies whose mean specific gravity is the same as 
that of the fluid in which they swim. In order to 
cause their ascent and descent, they are furnished 
with a bladder filled with air, and acted upon by 
muscles. When the air-bladder is compressed by 
these niuscles, the fish becomes denser than water, 
and sinks ; when the action of the muscles ceases, 
the bladder dilates, the fish becomes less dense than 
the water, and rises. 

The air-bladder is situated in the lower part of the 
body of the fish, thus raising the centre of gravity 
above that of magnitude ; the body, therefore, may 
be easily overturned. This tendency is couuVj^i^jcX* 
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ed by two fins situated on the breast. These pec- 
toral fins are moved by musclea of little strengthi 
and have little effect in giving progressive motion. 
For the latter, the tail ia the imporlant instrumeDl, 
by an action resembling that by which a boat is 
sculled. In this important motion tbe greater part 
of the muscular matter of the fish concurs, and tbe 
two muscles of each pair are equal in length, so that, 
under circumstance s of real, the body of the fish re- 
mains straight. The (ail itself is a large fin, whose 
curvature is altered by musclea, so that it may strike 
the water under the circumstances best adapted for 
progressive motion. 

When the volition of the fish ceases, ihe muscles 
which are on the air-bladder aDd the pectoral fins 
no longer act ; the body of the fish, in consequeacei 
becomes lighter than water, and the slightest force 
overturns it ; a dead fish, therefore, rises and floats 
at the surface belly upward. 

The instances which have been cited bear but a 
small proportion to the vast number which might be 
adduced to prove design in the animal creation, and 
the exertion of a consummate wisdom in the Creator. 
The deepest researches of mechanical science have, 
at each step of iheir improvement, manifested mora 
clearly the skill with which the machinery of the ani- 
mal frame has been plannedand adapted to its objects. 
Still more wonderful is the mode in which the vital 
enei^yisortade, under the action of the volition, to set 
the complicated machinery in motion or restore it to 
rest. This volition, however, has no influence upon 
those motions which are necessary for the support 
of the life of the animal. If we rank man highest in 
the scale of organization, it is not because he is any 
way better adapted to the cricumstances in which he 
is intended to live than those animate beings we con. 
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nder as inferior. When, however, we pass from tlie 
grand division of the animal kingdom to which man 
belongs, we find in animals we are accustomed to 
consider as inferior, a delicacy and perfection of 
itructure of which even the boasted frame o( man 
faHs short. 

29. The force of men and animals may be estima- 
ted in the weight they are capable of raising through 
a given height in a given time. Each individual an- 
imal will have a different degree of strength, but in 
those of the same species the comparison may be di- 
rect, and the average strength of a number of indi- 
viduals may be used to express that of each. In com- 
paring the strength of men with that of animals, or 
the strength of difierent species with each other, they 
must be considered as applied to do the same kind 
of work ; and the work which animals are most fre- 
quently caused to perform is that of draught. In 
estimating the force required in this species of work, 
the animal is supposed to move forward upon a level 
surface, drawing a cord to which a weight is attach- 
ed, and that the weight is drawn vertically upward, 
as might happen in consequence of the cord being 
passed over a fixed pulley. Man may also be sup- 
posed to'work in the same manner, and thuis their 
respective strengths may be compared. 

80. Animals and men are capable of exerting a 
great degree of strength when impelled by a sudden 
impulse, and of moving for a short time with great 
velocities; but such sudden and violent exertions 
are followed by fatigue and exhaustion. In estima- 
ting the force of animals, it is therefore necessary to 
take into account the number of hours per day during 
which an animal can work, without losing the power 
of recruiting his strength in the intetvaVa ot \Q\M>as \ 

D 2 
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and the number of days per year for which auch work 
can be performed. The maximum, or greatest speet), 
then, la to be taken, not aa that which can be reached 
for B short space of time, but as that which can be 
kept up for ihe number of working hours in a day; 
and foe the maximum resistance, we are, in like 
manner, to take that which con be strained against, 
but not lifted, in working the same number of hours. 

The greatest force of draught which a man can 
exert is taken at 70 lbs., his greatest velocity in walk< 
ing at six feet per second, or a little more than four 
miles per hour. By the principle of § 11, a man 
works to ihe greatest advantage in draught to r^se a 
weight of 31id lbs. with a velocity of ten feet per sec 
oud. This is equivalent to raising 4120 lbs. through 
the space of one foot in a minute. 

The utmost strength of a horso in draught has been 
estimated at 420 lbs. ; hia utmost velocity in walking 
at ten feet per second ; he will therefore work to the 
greatest advantage in draught in raising 180|d lbs., 
with a velocity of 3Jd feet per second. This is equiv- 
alent to raising 37,333 lbs. one foot high per minute, 

A man may work at his most advantageous speed 
for ten hours per day, for several successive days ; 
a horse cannot work more than eight ; but, in both 
instances, days of rest must be allowed from time to 
time, in order to prevent a prostration of strength. 
One day of rest in every seven is found to be suffi. 
cient to restore the strength of animals and men, 
working against resistances having the foregoing 
maximum measure, while fewer will not answer the 
purpose ; hence the institution of the Sabbath is one 
of absolute necessity to the well-being of mankind 
and the animals it has domesticated. 

Taking into view the difference of the number of 
hours each can advaniagcoitsly work per day, the 
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I itrength of a. horse applied to draught is usually e9> 
tunated aa equal to that of seven Tneu. 

The strength of a horse is ol\en used under the 
name of a horee-power, as the unit in which the force 

I of other natural agents is estimated. This uni} has 
been somelimea taken as low as 38,000 lbs,, some. 
timea as high as 44,000 lbs., each supposed [o be raised 
one foot per minute. The estimate of this unit which 
shall employ is 33,000 lbs. raised one foot per 
minute. 

31. Draught is by no means the most advanta- 
geous mode of exerting human strength ; in fact, 
there ia no mode in which he can be applied to that 
purpose, whereby he can do more than by the mere 
exertion of the muscles of his arms and hands. But 
inbesring burdens, the relation between the strength 
of a msn and that of a horse becomes greater than 
ODe seventh. The force of the former applied to 
draught is limited to seventy pounds, while he can 
move under any weight less than twice his own. 
Even when loaded with a weight hearing to his own 
the relation 3 : 4, he can mount almost vertically 
upward, as upon a ladder, with a speed of two feet 
per second. A horse, on the other hand, supports 
ieSHwe-ightthanhe is capableof drawing, and cannot 
carry even his own weight up a plane inclined more 
than 45° to the horizon. 

Men may carry weights nearly equal to their max. 
imum force of draught, and move under them with 
considerable speed. Thus a Roman soldier bore in 
his arms provisions and equipments, sixty Roman 
pounds, and performed journeys at the rate of five 
miles per hour. A French grenadier is loaded with 
fifty French pounds, and marches at the rale of three 
mi^ per hour. The weights which are I: 
penons babitualed to that species cA \fAmva 



rne by J 



remarkable ; the most aigna! instances of this appK* 
cation of strength are to be found ia the porters of 
Conelamiaople and Bagdad, the Galtegos ol' Lisbaii, 
and the coal-heavers of London, 

The following facts will illustrate more fully the 
force exerted by men and horses, applied to difiereot 
kinds of labour. 

A man trained to running will pass through tweo* 
ty.fWe feet in a second, or move at the rote of about 
nineteen miles per hour. A race-horse can run forty 
feet per second, or at ihe rate of twenty-seven and 
a quarter miles per hour ; neither of them can sus- 
tain such a degree of speed for more than seven or 
eight minutes. 

A man will walk without a load for ten houra per 
day, and perform a distance of from twenty.five to 
thirty miles ; a horse walks faster, but cannot con- 
tinue his labour as long ; thus the distance performed 
is about equal, and in the long run a man will out* 
travel a horse. We have ourselves witnessed the 
performance of natives of Massachusetts in search, 
of lands, who have for a week together walked for^f, 
miles per day, carrying a weight of 15 or 20 lbs. 

A man will carry a weight of 140 lbs. on his back 
with a. velocity of one and a half feet per second. 
If he throw it down and return unloaded for a new 
burden, he is capable of working six hours per day. 
Using the French mode of expression, his daily work 
19 represented by the number 702. 

A traveller may carry 88 lbs. on his back, with a 
velocity of two and a half feet per second, for seven 
hours per day. The expression for the daily work 
ia766. 

A horse will carry 265 lbs. at the rate of three and 
a half fee! per second. Working for eight hours per 
day, the work may be represented by the number 
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[ 3800, or for 10 hours by 4750. If ho trot, the load 

must be dimioished to 177 lbs., but the velocity ia 

itoubled, and the time of prulitable labour does not ex- 

I ceed seven hours. The immber, therefore, is 4435. 

I A man pushing a handcari, and returning unload. 

I ed, will transport 220 Iba. at the rate of one and u 

I half feet per second. The number which reprc* 

[ KnUbis performance is 1800. With tt wheelbarrow 

the load is only 133 lbs., and the number 1080. 

A horse draws on a cart 2000 Iba. with a velocity 
of three and a half feet per second for eight hours 
per day, being a useful clfect of 27,000. In trolling 
he will not draw more ihan 800 lbs. with a velocity 
of seven feet, and the duration of hia labour is di- 
minished to four and a half hours per day. 

A Dian who walks without a load up a gentle slope 
or staircase, will raise his own weight vertically up. 
ward at the rate of six inches per second. Taking 
bis weight at 144 lbs., and the day's work at eight 
hours, the number which represents it is 281. In 
lifting a weight by a cord passing over a pulley, the 
useful effect b no more than 77 ; in carrying articles 
by hand up an inclined plane, it is 73 ; and if upon 
the back, no more than 66. It will therefore be 
seen, that if a man were to raise no more than his 
own weight, and cause it to act as a coumcrpoiso to 
the weight intended to be raised, he might perform 
almost twice as much work as if he used a pulley or 
bore it in iiis hands, and nearly three times as much 
as if he carried it on his back up a ladder. 

A man who walks upon sieps cut on the circum. 

fer«ice of a wheel, acting by his weight upon its 

Itorizontal diameter, raises a weight of 133 lbs. at 

llwrate of six inches per second. The useful effect i 

hJv 35fi. A man who walks, pushing a resistance M 

HpMbre him, as when working upon a capstan, over<- ^^ 
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comes a resistance of twenty-seven pounds H 
velcfcity of two feet per second, giving tlie uaefulf 
feet 207. In working on a winch, the resistance is 
17i lbs., the velocity two feet and a half per second, 
the useful efieet is 173. In rowing, tlie useful eflect 
is 275. 

A horse working on a capstan raises 100 Iba. at 
the rate of three feet per second, giving a useful et- 
feet of II66. 

It will therefore appear that Ihe most advantS' 
geous manner in which human strength has been ap. 
plied, is in the act of rowing. As this would be ap. 
pUcahle with difficulty to the motion of a machine, 
the next heat mode should be employed, which b that 
of causing them to step upon a wheel immediately 
above its horizontal diameter. 

The numbers which we have used to express the 
relation of the several useful effects are the units em- 
ployed by the French writers on these subjects, and 
denote the number of cubic metres of water raised 
to tlie height of one metre in a day. This furnishes 
a less complicated mode of comparison than had we 
used the English method, in which the number of 
pounds raised to the height of one foot is employed. 

4. Of Water. 

32. Water may give a circular motion to a ma- 
chine in three ways ; by its impulse, by its weight, 
and by its reaction. 

The utmost effect which any stream of water could 
possibly produce, would be equivalent to raising the 
weight of the water to the height whence a heavy 
body would fall in acquiring the velocity of the cur- 
rent. We shall take thiiS for the measure of the me> 
chanical force of the water, and compare with it the 
useful clTccts produced by the three different methods. 
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S3, The apparatus on whicli water acts by its 
impulse to prwluce a circular motion is called an 
ladershot whcE;!, 

An undershot wheel is suspended upon a horizontal 
ixis, and in its uaual form haa upon lis circumfe- 
rence a number of floats or paddles, whose planes 
pBBs through the axis, and which dip, in the lower 

firt of their revolution, into a current of water, 
heae paddles are usually l(nown by the name of 
buckets. 
Thia form is represented beneath. 
PiK. 11. 




34. An undershot wheel may be loaded with such 

L weight as will prevent it from turning, or, were 

1 ttiwre no reaialance, might acquire the whole velocity 

l^^the fltream ; in neither case could it do any work. 

" I peateal or maximum effect is produced where 

■ ralocjtyla two fifths of that of the stream. Thia 

rt was first discovered in the experimewU of Sttiaa.- 
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ton, and has since been shown (o be conabtent wiui 
theory. It is also inferred from theory, that at this 
velocity of two fifths, the useful effect of the wheel 
would be, to raiae one third of the weight of the wa- 
ter which forma the current to the height whence i^ 
must have fallen to acquire its velocity ; or, in other 
words, one third of the mechanical measure of the 
acIioD of the water. This last inference ia found to 
vary from the truth in different modes of placing the 
floats upon the wheel. 

35. Whan the action of undershot wlieela was first 
considered scientifically, it waa inferred that, in order 
that the water should act more advantageously, no 
float should interfere with the flow of the current 
upon another. To fulfil this condition, when the 
lower float is vertical, the preceding float should be 
just quitting, and the succeeding float juflt entering 
the water. Constructed incooformity with this con- 
dition, the best effect waa found to he little more than 
one fourth of ihc mechanical measure of the action 
of the water. Smeaton, in his experiments, found 
that the most advantageous position of the floats was 
such, that when one bucket was vertical, two others 
should be immersed in the water, a fourth entering, 
and a fifth emerging from it. In the former case no 
tnore than two floats can be in the water at the same 
time ; in the last case there may be four. With the 
latter construction the effect of the wheel becomes 
three tenths of the mechanical measure of the action 
of the water. 

36. A farther increase in useful effect may be 
gained by closing up the face of the wheel, and ap- 
plying flaunchea or edges to the two vertical sides of 
the float ; the useful elfect then becomes VWths of 
th« mechanical measure of the action of the water. 




In this wheel the floats, instead of being plane sur. 
faces, are curved into tlie form of a portion of a 
cylinder. By this arrangement ihc force of an 
undersiiot wheel has been doubled, or increased to 
two thirds of the mechanical measure of the action 
■ the water. 

e following are the laws which govern the ac- 
a of undershot wheels. 
{1.) In a given undershot wheel, if (he velocity of 
e stream be given, the useful effect is as the quan- 
f of water expended. 

.) In a given undershot wheel, if the quantity of ■ 
r expended be given, the useful eOect is as tj 
B of the velocity. 
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(3.) In a given undershot wheel, if the quantity o! 
water- expended be given, the effect is as the head o{ 

(4.) In a given undershot wheel, if the aperture 
whence the water flows be given, the eflect is as tlii! 
cube of the velocity. 

(5.) To eatimate the force of on undershot wlic'l 
in horse powers i 

Multiply the number of cubic feet of water expcwl- 
ed per minute by 62} (the number of lbs. in a cu- 
bic foot of water), and the product by the efiectivo 
head or height whence a heavy body must fall to ac- 
quire the velocity of tlio water. ThJa product miial 
be reduced lo one fourlli for the first form of the uu- 
dershot wheel ; to one third for that on SnicntDn's 
plaa; to thirty-aix hundredths for that with flauiicii' 
es ; and to two thirds for that wilh curved fioats. 
Divide the product thus reduced by 33,000, the ^w- 
tient is the horse power of the wheel. 

89. In an overshot wheel a number of buckela are 
formed upon its circumference, in such a. manner m 
to receive water at the liigbest point of their revolu* 
lion, and discharge it wholly at the lowest. One 
half of the buckets is therefore loaded with wale^ 
which, by its weight, causes tlte wheel to revolve. 

Thia arrangement may bo understood by inspec- 
tion of Fig. 13. 

39. In addition lo the action of the weight of \\a 
water with which half the wheel is loaded, the stream 
may act by its impulse upon ihe upper bucket ; and 
it has been attempted to investigate by theory at 
what relation of height between the wheel and Iha 
whole fall, these two modes of action united would 
produce the greatest useful effect. The inference 
was, that the height of the wheel should be twO 
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I thirds of the Tall, and thai the water sliould strike 
I 'IrIA the velocity acquired in falling through (he re- 
■ Oainipg third. Experience has, however, shown 
I that this opinion is falkciaus ; and it is indeed obvi- 
ous itmt these two actions cannot be made to concur 
usefully, l)ecauae the velocity which is best suited to 
the one mode dilFcrsfrorn that adapted to the most ad- 
Mtita^eaus performance of the other ; and because 
ilic succession of impulses which is given to the 
biickeis is inconsistent with the steady motion pro- 
duced by the weight. 

The best' practical rule is that the water shall 
reach the wheel with a. velocity little greater than 
ihnl with which the latter revolves ; but the former 
velocity may bo double that of the wheel, withoi; 
ducing any important loss of power. 

The velocity whii-h in practice is found lo be «\«A 
idraaiageaus for tbo circumference of a vtatet-wVesA, 




52 PRACTICAL MECHANICS. 

is not less than two, nor more than three feet per 

second. The water may therefore be permitted to 

, drop upon it trom the bottom of a spout or 6ume of 

not leas than four, nor more than iiileen inches in 

40. Aa the water in the upper bucket has no effect 
ill lurDing the wheel, it ia better to make the wheel 
the whole height of the full, or even somewhat higher; 
the water will be then introduced, as in the figure 
beneath, into the second or third bucket from the topi 




An additional advantage is gained by this arrange- 
ment, for, the channel or waate-race, by which the 
water is carried off, must generally be made in a con- 
tinuation of the same direction as that in which the 
water runs towards the top of the wheel. When the 
water is admitted into the uppermost bucket, the wa. 
ter in the wasle-mce moves in a direction opi^craHa 
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lo Uist in wliich ihe tower pari of tiie wheel revolves 
ind thus acta as a resistance. But when the water 
is admitted inlo t!ie second or iliird bucket from the 
top, the direction of the current in tlie waste-race is 
the same as that of the revolution of the lower part 
of the wheel. 

With the most imperfect foma of the overshot 
the useful effect is never leas than two thirds 
of the meclianical measure of the force of the fall of 
water. With the most advantageous construction, it 
may amount to eight tentha of that measure. 

42. The ordinary mode of constructing the buck- 
eta of overshot wheels is to close the whole circum- 
ference of the wheel by boards called the shrouding. 
To this are applied, at equal distances, other boarift, 
at right angles to the circumference, which are again 
met by B. third set of boards, forming, with them, an 
obtuse itnglo. This arrangement is exhibited in the 
figure on page 63. The buckets are sometimes 
raade of sheet iron, in which case 
ibey are £irmed inlo a regular curve. '^' ' 

48. It is important that the buclc. 
da should be constructed so as to lose 
Ds little water as possible ; hence a 
section, such as is here represented, 
is better than the first we have de- I 
Kribed. If, however, the aperture I 
of the bucket be made too nan 
ihe water will be impeded in its 
trance by the contained air, or may I 
be prevented from entering altogelh- I 
er. This is sometimes obviated by I 
means of small tubes, which form a *? 
communication between the upper 
parts of two adjacent buckets. 
E2 
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The power of an overshot wheel may be calcala- 
ted by multiplying together the number of cubic Tee! 
of water expended per minute, the height of the fail 
in feet, and the constant Dumber flSj. Eight tenths 
of this product divided by 33,000 will give the horse 
power in the most advaatageous case, aud two thirds 
of it in the worst form. 

44. Whea the water ia admitted into the bix^ 
which corresponds in poailion with the horizontal A 
ameter of the wheel, or at a point still lower, tbavf> 
paratus is called a breast wheel. It may, in ifao fmk 
case, have buckets similar to those of the ovend)pt 
wheel. When the water is admitted below tbswf« 

Fig. \G 
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izontal diameter, the wheel is enclosed in a. channel 

which it nearly Ulla, and is rurnislied with floats, as 

represented in the annexed figure, initead of buckets. 

Fij. 17. 
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The force of a breast wheel may be calculatcJ in 
[be same manner as that of the overshot wheel of the 
least advantageous structure. 

45. When water is introduced by a pipe into a 
horizontal box, and openings are made ou the two 
Djiposile sides of the box near the ends, the pressure 
being taken offat these openings, that on an area equal 
to ihat of the openings, and opposite to them, becomes 
sensible ; and thus there is a tendency to motion in the 
box, in a direction opposite to tliat in which the water 
lAsuea from die openings. If, then, the box be support- 
ed in the middle upon a pivot, it will be caused to move 
le. This motion is said to be due 
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to reaction. This arrangement ia represented be- 
neath, and 19 known by the narne o( Barker's Miilf 
from the person who first proposed its use. Modeb 
Fie- is, 




are occasionally constructed of the reacting whee^ in 
which there are tliree arms instead of two. 

It was inferred from theory that Barker's Mill was 
the most advaotageoua possible method of using the 
power of water, particularly when a small stream is 
to be applied, which falls from a great height. Bui 
these anticipations have been far from being realized 
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b practice. The cause of this JiiTtrenoe is that the 
pipe, by which the water is admitted, being attached 
to the revolving apparatus, revolves also, and thu 
vater within it acquires a centrifugal force, by wliicli 
its gravity, and, conaequencly, its pressure, is dimin- 

46, In coDsequoDcc of this defect, Barker's Mill 
Im been modilied by admitting the water from be- 
neath, by an aperture to which the revolving pari 
tS the apparatus is acljustiid by d water-light joint. 
Hiis form of the reacting wliecl is represented be- 
aeath. 

Fig. 19, 




47* A form of reacting water wheel, which works 
beneath the surface of a body of water, is represent- 
ed in Fig. 20. 

The water, introduced from beneath into the mid- 
dle of the wheel, acts upon flaats indinrd to its radii, 
ind emerges obliquely into the channel which aur- 
'a the wheel. 
. In another form, the water ia conve" 




lyed fram i fl 
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of the wheel in a number tif spiral groOTM 
cumference, whence it issuus in the direO 
tion of a tangent. (See Fig. 21.) 

Innumerable oilier forms of horizunlal water 




wheels have been proposed ; few or none of them 
liave adranlages equal lo Ihoae of the overshot wheel. 

49. The use of the overshot wheel is usually lim- 
tled to heights less than &Ry feet, in consequence of 
the expense of constructing wheels of great diameter. 
Id cases where the fall is great, the beet possible ar- 
Fangeinent ia that of an endless chain revolving over 
axles, and to which buckets like those of an overshot 
wheel are atluclied. 

The power of this apparatus may be calculated as 
in the best form of overshot wheel. | 

50. A horizontal motion is sometimes produced i 
by the direct impulse of water. The simplest wheel i 
used for this purpose is a low cylinder or drum, on ■ 
the circumference of which a number of plane leave^ 



if plane leave^ 
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are adjusted in an inclined direction, Sucli a wheel 
acta with even less power than an undershot wheel. 
51. A better method consists in the application 0/ 
curved spiral channels to the circumfeFence of die 
wheel. The power of this form ia said nearly in 
equal the best overshot wheel. 
Fig 2a. 



52. The Danaid is an instrument which has re 
ccntly been introduced in France, for using the foret 
of water conveyed in a pipe. It ia formed of a ver- 
tical axle, to which are adapted leaves usually eight 
in number. The axle, with its leaves, is enclosed in 
a tub having a circular hole in the bottom corre* 
sponding in dimensions to the axle. The pipe which 
conveys the water ia bent into the tub, and closed 
at the end. A vertical slit is made on the side of 
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■ pipe whence [he water spouts against the leaves, 
fi the water, after having acted, is discharged by 
b hole in the bottom of the tub. 
(a section of this instrunienl is given in the an- 
pxed figure. 




5. Of the Wind. 
B3. The apparatus by wbich the wind ia made to 
iduce a rotary motion is called a cap windmill. 
i4. There are two kinds of windmill, the horizon- 
and the vertical. The parts of the windmill 
[ch receive the impulse of the wind are called 
^ In the horizontal windmill, the sails revolve 
horizontal direction around a vertical axis. In 
I vertical windmill, the sails revolve nearly in a 
tical plane, around an axis nearly horizoDtaJ. 
Id the latter form, arms, usually four in number, 
F 
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are attached to the axt^, and at right angles 
To these arms a framework ia attached, on which 
the sails are spread. Were the pieces of wood 
which farm this frame, placed in the same vertical 
plane with the four arms, the sails would hare ua 
other tendency than to overturn the mill. They are, 
in consequence, inclined to this plane, and the (ane 
of the wind ia therefore capable of being resnlved 
into two parts, one of which still'tenda to overluni 
the mill, the other to cause the arms to revolve. 
K.^pcrience, aided by theory, has shown tiiat this in- 
cliDution must neither be the same with that which 
would be most advantageous if the sails did not re- 
volve, nor constant at different distances from the 



The inclination of the sail to the plane of the 
amiB, Bt the part nearest to the axis, ia made ia the 
best mills, 32° ; in the middle, 18° ; at the estrcmitict, 
7°. Aa this inclination ia the same, and towards the 
samedirectionof revolution, in all the arms of the mill, 
all the sails concur in producing the rotary motion. 

55. The winds which are applicahle to the pur- 
pose of driving windmills, are such as have velociliea 
between thirty and twelve feet per second. When 
the velocity falls short of the latter limit, a current 
of wind is found insufBcient to perform any cfiectire 
work. When thja velocity exceeds twenty.five feel 
per second, it becomes necessary to lessen the sur- 
face of the sails, in order to prevent the arms from 
being broken ; and when it exceeds thirty feet, no aail 






y spread. 



It has frequently been attempted to conatmct hor- 
izontal windmills, but tliey have always disappointed 
the projectors. In Smeaton's esperiments, the effect 
of the horizontal windmill was not found to be great- 
er than one eighth of th« vertical windmill exposing 
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e same surface of sail. The reason of this is, that 
the vertical windmill all the sails concur in the ro- 
ly motion, while in the horizontal no more than 
le sail acts at a time to the greatest advantage, and 
ilf the sails are constantly moving in a direction 
intrary to that of the wind. 
The most important application of wind is to pro. 
il vessels by its action on their sails. This will be 
eated of hereafter. ' 

56. The useful effect of a vertical windmill is 
K>ut equal to a pressure of one pound on each 
[uare foot of surface.* 

* The laws which govern the action of tl^e windmill are as fol« 

Mrs: 

The velocity of the sails of a windmill, whether it be loaded so 

to prodace the maximum effect, or whether it have no load, is 
oportioned to the velocity of Ibe wind. Within the limits al- 
m stated for the useful velocity of the wind, the number of 
volations varies from six to twelve. 

The maximum of effect is produced when the velocity with 
hich the extremity of the arms revolves is about the same as that 

the wind. When unloaded, therefore, the most distant part 

the sails revolves more rapidly than the air moves. The max- 
lum of effect is produced with two thirds of the maximum ve- 
city. 

The maximum effect increases in a ratio somewhat less than 
e square of the velocity of the wind. 

In a given windmill, the load corresponding to the maximum 
feet is nearly as the square of the number of revolutions in a 
ven time. . 

When a mill is so loaded as to produce the maximum effect 
ith a given velocity, and the velocity of the wind increases while 
e load remains unchanged, the increase in the quantity of work 
,^for small changes of velocity, as the squares of the velocity; 
hen the velocity of the wind is doubled, the effects are increased 

the ratio 10 : 27i ; when the. increase in the velocity is more 
tan 2 : 1, the effects are increased only with the velocity of the 
iod. 

When the sails of different windmills are similar in number and 
Mition, the number of revolutions in a given time is inversely 
roportioned to the length of the arms 

The useful effect of similar windmills is proportioned to the 
pares of the length of their respective arms. 
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6. Steam. 

57. Water boiling in an open vessel reaches a. 
temperature of 212°, and forma steam of the aame 
temperature with itself. The steam thus formed has 
a bulk 1694 times as great as that of the water which 
is evaporated to form it, and an elastic 'brce or tea- 
sion equivalent to the pressure of the atmosphere. 
This pressure is estimated at fiflcen pounds on every 
square inch of surface exposed to it. 

When water is confined in a close vessel, ii -nay 
acquire a much higher temperature, and the steam 
which ia formed has the increased temperature of the 
water. With the elevation of the temperature, the 
tension of the steam increases, but in a higher ratio. 
The relation between the temperature and the ten. 
sion of steam is a complex one, but it is sufficient for 
our purpose to state that the tension doubles veiy 
nearly for every increase in temperature of 40°< 
Thus steam of the temperature of 252° has a. ten- 
sion of about two atmoBphcres ; steam of 292°, a 
tension of about four atmospheres. 

58. When the tension of steam exceeds three at- 
mospheres, or when it ia capable of acting against 
the pressure of the atmosphere with a force of thir^ 
pounds per square inch, it is called high steam. The 
density of high steam is greater than that of lov 
steam, but does not increase as rapidly as the tensioHi 
For example, while the volume of steam of one at- 
mosphere is, as we have stated, 1694, that of steam 
of two atmospheres is 909, of three atmospheres 
625, and of four 476 ; instead of 1694 : 847 : 423}, 
which these volumes would have been had the den* 
sity increased as rapidly as the tension. 

50. Steam is generated for the purpose of beiiM 
applied as a prime mover, in close vessels callea 



PKACTICAL MECtlAMCS. 65 

boilera. The only mutcriols of wliicb boilers have 

ever been made are cast iron, wriHight Iron, and 

r copper. The two latter aj-e formed into slieets, and 

bculers are constructed by rivethig them together. 

I Of these materials, cast iron is tlie cheapest, and 

copper the moai costly ; cast iron poHseeaes the least, 

and wrought iron the greatest strength. Copper 19 

[ not acted upon by the air, and is not so readily acted 

I upoti by subetances hold in solution in the water, aa 

When the boiler is worn out, the cast iron ia 

I Dearly worthless, wrought iron of little value, but in 

I copper there is no other loss than the workmanship 

I Bxd a. small diminution of weight. The strength of 

I Ct^per is greatest when it ia cold, and ii perceptibly 

'" niniahed even at the temperatures used in genera- 

g Bteam. The strength of wrought iron increases 

r np to temperatures beyond those at which steam is 

I oaually employed. 

With proper precautions, wrought iron may bo 
nade to endure for a long time, and, in consequence 
ofits comparative cheapness and superior strength, 
hoa almost wholly superseded the two other materials. 
GO. The principal cause of the rapid wear which 
sometimes destroys boilers, is to be found in the 
solid matter which is conveyed into them along with 
the water with which they are supplied. This solid 
matter may be cither in the form of mud and sand, 
mechanically mixed with the water, or in solution. 
The water of rivers at a distance from the sea con- 
tains onty the former kind of impurity ; and as it is 
GODtintially injected with the water, while none of it 
ia carried off by the steam, it will finally collect in 
tlw form of a crust on the lower parts of the inner 
■arbce of the boiler, unless some means be taken to 
prevent this deposits. Wherever such a crust is 
finmed upon a part of the boiler exposed lo heB,t,it 

Fa 



will protect the metal or the boiler from the coolhf ' 
effect of the water it cootains ; the part beoeath it, 
if ID contact with air and flame, will oflen bum. 
This ia more particularly the case in a. wrought-in 

When a boiler is supplied with sea water, a period 
will arrive in its use, if proper precautions be i 
taken, when the double sulphate of lime and soda 
will begin to be deposited. Common salt will next 
cease to be held in solution. The crust thus formed 
will not difTer in its effects from the mechanical de. 
positc. Finally, the muriates of lime and magnesis 
will begin to be deposited. These last-named sub- 
stances are capable of being decomposed by the 
metals, which are corroded in the action, and their 
effect on copper is almost as certain as upon iron. 
In order to prevent danger from the depoaite of tiu 
last-mentioned substances, it has been usual to BOk 
pend the action of a boiler fed with salt water (bi a 
day in each week, in order that it might be cleansed 
and scraped out. It is possible, however, by permit. 
ting water to flow from the bottom of the boiler fipom 
time to time, under the pressure of the steam, to 
prevent or remove these depositcs. 

Even when clear spring water is used, a ai . 
quantity of saline matter, usually sulphate of lim^i 
is oHen present, and, although it may be long befo^i 
any deposite takes place, still it becomes necessary b 
guard against any injury to the boiler growing outflfl 
this cause. For this purpose, it is sufGcient to pA 
into the boiler clay, gum, or some cheap subslSBfiS 
which contains starch, and any injurious depocdtq 
from ordinary hard water may be prevented for a 
eral months. 

61. The strength of boilers to resist explosive i 
tion depends upon the tenacity of the material, the 
thickness of the plates of which they are composed, 
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ibeir figure, and the ditnensioos of their oectioa. 
Wrought iron, as has been seea, is the most tcn- 
adODS material, and its tenacity increases with the 
beat. 

Iq boilera of similar JiguTGH, the thickness of the 
plates of which they are composed requires lo be in- 
creased in the ratio of the squares o( their lineal di- 
meDsioQS. Of nil prsclicable 6gtires,lhe cylinder is 
the strongest, and ought, if circumstances will permit, 
lo be employed wherever high stesm is generated. 

The diameter of a cylindrical boiler ought not lo 
be less ihan 18 inches, otherwise it bocomea difficuh 
lo cleanse ; and must not be greater than tivo feet, or 
it would be innpossible lo give it a proper degree of 
strength to resist aa explosive action from within. 

63. Upon the land, plain cylindrical boilers set 
n masonry are to be preferred. In steamboats and 
if locoma^on, the boiler must contain a chamber 
br the fireplace, and be furnished with internal flues, 
for the purpose of using all the heat which can be 
afforded by the combustion of the fuel. Of ail 
boilers yet brought into use for these purposes, that 
employed in many recent locomotive engines is to 
be preferred. This (brm ia represented beneath. 
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The forma of which boilers have been made are 
BO varioua, that it would occupy too much apace to 
enter into the con si deration of their relative ad»an- 
tages and defects. Among those most worthy of 
notice are the original boiler of Walt and the boiler 
for steamboats. Alongitudinal section of the boiter 
of Watt is exhibited beneath. 
Fig. 35. 




It of feeding 



PRACTICAL MECHANICS. 

I. Valve of feedingappintiu. 



I. CibU 



CouDterpoiee of damper, 

section of the same boiler, in 
3 indicate the stunc parts as ir 



¥ig. 38 is a c 
"' ;h the aanie 1 
In addi 

ents the steampipe. t. Hun-hole, 

K»igo. p. SeU^Minj damper. 




PRACTICAL MECHAMCa. 

Ah a substitute for boilers, it has been attetnpled 
to generate atGam in other ways. 'JThua ; water haa 
been flashed into a red- but vessel, as in tlie apparatus 
of Bubcock ; it has been heated intensely in a. stroDg 
Tesse], as in the gencrat-or of Perkins ; and the flame 
and heated air of the furnace liavo been admitted 
into the boiler, to aid the steam in its action on llie 
engine, as in the boiler of Bennett. None of these 
methods have come into £;eneral use. 

63. The length of the horizontal dues which si 
round or pass through boilers, ought to be sucli thil 
the whole of the flame may be expended before the 
gases proceeding from the furnace reach the verfi- 
cal chimney. If shorter than this, much heat will be 
wasted. Nor should they bo much longer, othe^ 
wise the air which enters the chimney will be loo 
cool to maintain a sufficient draught for the combat 
tion of the fuel. The lengtii of the flues, tfaervfors, 
depends upon the description of fuel employed, beisg 
greatest in such as bura with much flame. 

64. The quantity of steam generated dep 
upon the area of the surface of the boiler which i» 
exposed to the fire and flame. Eight square fed 
are sufiiGient to generate the steam required for thfl 
nominal unit called a horse power, when low steam 
is generated, and nine square feet must be allowed 
in the use of high steam. 

65. The dimensions of the furnaces depend upon 
the quality of the fuel. Wood, being least dense, 
requires that the furnaces sliould have the gre«1eit 
capacity. In respect to the depth from the boilerto 
the grate bars, this must be such that the fuel ahall 
not touch the metal of the boiler, and that the flame 
shall be developed before it touches the sur&ce of 
the flue. All the attempts at saving heat by keeping 
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e surface of metal in close contact with the 

.ve failed, as has the method of injecting water 

»ted tubes* 

ers are liable to dangers of various kinds, and 

3h there ought to be not only a self-acting 

>f relief, but also an indicator of the approacli 

danger. 

A regular supply of water is not only neces- 
» the constant action of the engine, but is also 
importance to the safety of the boiler itself, 
ted, the most frequent cause to which the ex. 
i of boilers can be traced, is a deficiency in 
ter they contain. In this case a part of the 
c surface which is in contact with the flame 
scome dry. When this Yauppewif the boiler, 
)n, may become capable of decomposing water 
I vapour ; and to this generation of gas fatal 
ons have been occasionally attributed. It 
however, doubtful whether this decomposition 
ke place to such an extent as to be often pro- 
) of serious danger. A much more probable 
ation is to be found in the relation between 
isity of steam and its temperature. Steam, 
: is generated, may have its temperature raised 
contact of heated metal. It will now be un- 
cumstances approaching to those which occur 
t is heated out 6f contact with water, and, in- 
»f becoming denser with the increased temper, 
ivill become rarer and less capable of working 
^ne, unless that also have a high temperature, 
'ever, water, itself heated, although to a less 
ature than the steam, be injected into the 
)ccupied by the steam, the temperature of the 
xrill be but little lowered, and the steam will 
e assume the density and explosive energy 
ing to this new temperature. This formation 



i 



of new vapour withiu the original apace might be k 
BuddeD that none of the usual means will aufiice la 
give vent (o it, and the boiler must give way. 

Such injection of water into a space occupied bj 
intensely healed steam may take place on the open- 
ing of the safely. valve, or on letting steam from the 
boiler into the engine, in order to set it in molion, 
la either case the water will foam up, mixed wilb 
steam, as occurs when a culinary vessel buils over. 
The injection of water from the feeding apparaliw 
may also produce a similar effect. 

67, The height at which water stands in a boilef 
may be indicated by gauge-cocks, or by a. water- 
gauge. 

The gauge.cocks arc situated on one of the el 
of the boiler. They are usually three in. number. 
The uppermost is situated above the proper level of 
the water; the second nearly at that level; thelhirf 
Yig. OT. beneath it. When the first i» 

opened, if water issues fromiti 
the boiler is too full; whentbe 
third is opened and steam is- 
sues, the water stands too lo*. 
It is necessary, in obserrinj 
the indications of these gauge- 
cocks, to allow lime for any 
ater which may have lodged 
k the stopcocks to be blowD 

The water-gauge, represent- 
id Fig. 27, is a glass lube, in- 
^ serled at its ends into two tubea, 
_ ,__3eeding, one from the topi 
E the other from the bottom of 
I the boiler. Water will, in con- 
~ sequence, occupy this lube K 
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the same height at which it standa in the boiler it- 
self. 

68. Boilers may be supplied with water, or fed by 
self-acting apparatus, with great ease when they 
generate low steam. In this case, no more is ne- 
cessary than to pass a tube through the upper sur- 
fiice of the boiler, and permit it to descend nearly to 
the bottom. A column of water will be supported 
m this by the excess of the tension of the confined 
steam over that of the atmosphere ; and as the water 
in the boiler is expended, some will enter it from the 
pipe. If, then, the pipe be kept full, the supply of 
the boiler will be exactly equal to the quantity evap- 
orated. This pipe may be kept full in either of two 
ways : Ist, by supplying it with water in such quan- 
tities as to cause an overflow ; or, 2d, by adapting it 
to a cistern, with which it communicates by a valve, 
and causing the valve to open whenever the level of 
the water in the pipe descends beyond the proper 
liinit. The latter object is effected by a float with- 
in the boiler, connected by a lever to a valve in the 
bottom of the cistern. 

An apparatus of this description, as adapted to 
Watt's boiler, is shown in fig. 25, on p. 68. 

In boilers which generate high steam, no other 
method of feeding has been introduced except the 
forcing pump. As it is impossible to make this sup. 
ply exactly the quantity of water which is boiled 
away, it is made to furnish more than this exact 
quantity. It can therefore be set in action only at 
intervaJs. Self-acting apparatus, to cause the water 
raised by this pump to enter the boiler or run to 
waste at pleasure, has been contrived, but has not 
come into extensive use. 

Tlie force-pump is itself moved by the engine, and 
the feeding apparatus is thus dependant on l\ve ictf>* 
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tion (^that instrument; while, whether il 
water into the boiler or not, is wholly at the option', 
of the engineer. A feeding apparatus for high sieam 
boilers, which shall be wholly independent of the mo- 
tion of the engine and cf the attention of the bd^ 
neer, is therefore slill a desideratum. 

69. The danger which may arise from the acco- 
mulatiaa of steum under ordinary circumatancei it 
pointed out by the steam-gauge. This, in its nitwt . 
usual form, is a bent tube or inverted siphon of Iroo, 
adapted to the pipe which conveys steatn Ironi the 
boiler to the engine. The length of each of tin 
branches of this pipe must be equal to the measure 
in inches of mercury, of the utmost lenaioQ of the 
stfiam for which the boiSer is calculattd. The besij 
of the tube is occupied by mercuiy, sufficient io 
quantity to fill either bi-anch. When the steam in" 
the boiler has the tension of a single atmosphere 
this mercury will stand at the same level in botll' 
brandies of the tube. As the tension of the steaor 
increases, the mercury will be forced op the outaf'^ 
and open branch of the tube, and depressed in the'' 
other; the difference in the respective levels will bj. 
the measure of the tension of the steam. But thB ^ 
depression in one branch is exactly equal to the ele> 
vation in the other. It is therefore sufficient loj 
measure the latter, which is done by a rod whidi 
Boats on the surface of the mercury. This rod i«- 
divided into inches, each of which is equivalent to' 
I'jth of an atmosphere, or 1 lb. : 

There are various other forms of steam-gauge, all 
of which act on the same principle. 

70. Any accumulation of steam beyond the pre* 
scribed limit of tension, is obviated by the safety* 
valve. 
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A safety-valve is a plate of metal ground to the 
shape of a frustum of a cone ; this is fitted to a seat 
of the same form, adapted to the upper part of the 
boiler. In order to keep it in its place, under the ex- 
pansive action of the steam from beneath, it is load- 
ed with a weight. This weight may be either ap- 
plied directly, or through the intervention of a lever. 
In the latter case, the pressure on the valve exceeds 
the weight as much as one arm of the lever is greater 
than the other. 

To this pressure must be added the weight of the 
valve itself, and the sum, divided by the number of 
square inches in the surface of the valve, gives the 
pressure on the valve per inch. Instead of a weight, 
a spring steelyard is now frequently used to deter- 
mine the pressure on safety-valves. This is more 
particularly the case in locomotive engines. 

71. The instrument best adapted to indicate when 
the metal of the boiler or the steam has, from any 
cause, a temperature higher than is consistent with 
safety, is the conmion thermometer. 

72. Any risk of the bursting of the boiler from 
this cause may be obviated by adapting to a seat 
similar to that of the safety-valve, a plate of the al- 
loy called fusible metal. As the same risk is to be 
apprehended in the flues, a part of them may be 
fi>rmed of plates of lead. 

The objection to these methods is, that, after they 
have acted, the boiler will be open, and therefore use- 
le^ In respect to the valves of fusible metal, this 
objection is removed by an invention of Professor 
Bache, of Philadelphia, who encloses the valve of fu- 
sible metal in a pipe, which terminates in a safety- 
Talve of the usual form ; this valve can be made to 
close the aperture, as soon as vent has been given to 
the steam, by the melting of the fusible metaU 



73. Self-acting clampers have been constructed to 
regulate the combustion of the fuel. These are, as 
yet, only applicable to boilers generating low steam. 

74. The communication between the flues and the 
chimney should also be furnished with a damper 
within the control of the engineer ; the ash-pit of 
the furnace ought to be provided with doors. By the 
use of these, the heat may be moderated ; and when, 
from a deficiency of water in the boiler, the melal 
hoa become intensely heated, the dampers and ash- 
pit doors should be closed, and the temperature al- 
lowed to subside before any water is injected by tho 
feeding apparatus. However well the safety appa- 
ratus of a boiler may have been planned and con- 
structed, much still depends upon the capacity and 
intelligence of the engineer. 

75. Boilers, before they are used, require to be 
proved. The first proof is performed by forcing wa- 
ter into the boiler by an instrument similar to the 
hydraulic press. The pressure thus given ought to 
be four times as great as the elaalic force of the 
steam for which the boiler is intended. The second 
proof consists in loading the safety-valve with twice 
tho weight it is intended to carry when in use. 
Steam is then generated, and heat continues to be 
applied until the safety-valve opens. The latter 
proof can hardly be considered sufficient for a I 
pressure boiler, and would be too severe for one 
tended for very high steam. It would probably be 
better to subject boilers to a proof by steam having 
a constant excess of three or four atmospheres be- 
yond that intended to be employed. 

7B. Steam is applied as a prime mover in instru. 
menia which go under the general name of Steam, 
engines. The properties and mode of action of 
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&eae engines may bu bust illustrutcii by considcriDg 
Ihe alcpa which wiirc successively made in their im- 
provemeat, uatil they atlaiiieij the stale in which we 
now find ihem. MsiDy iogeaious perscHis were, at 
diSereDt times, engaged ia investigatiag the mcchan- 
icaL properties of steam, with a view of appiyiog it 
la useful purposes ; we stiFiII, however, take notice St 
none but those who planned engiues which wcrv ac> 
dually employed beoeficiaUy,* 

77. The first Bugine which was applied to any 
uractical purpose was that of Savary, and it was 
'nitcd to the single purpose of raising water. Hia 
eagine was composed of an oval vessel, cominunica. 
tiag by a lube with a boiler, in wliich sleuni was gen- 
erateJ. This commuuicatiun had the form of a pipe, 
and was furnished with a stopcocli, by means of 
which ttie flow of steam Jruin the bailer could be 
regulated, or cut off at pleasure. 

Prom the lower part of the vessel a. pipe proceed- 
ed, which was bent outward for a short distance, and 
I lerminaletl in a vertical pipc^ descending to a reservoir 
I whence water was to be raised, and rising to the 
place io wtiich the raised water was to be collected. 
In this pipe were situated two valves, both opeoing 
Dpward, and placed on each side of the pipe peoceed. 
ing from the steam vessel. These valves divide the 
vertical pipe into two parts, each of which has its 
separate and appropriate use, and we shall distin- 
guish these parts from each other under the names 
of the ascending and descending pipes. 

This arrangement may be understood by inspec- 
tion of Fig. 28. 

* For s mare complete history, see the suttaoi'i " TiestUe mi 
tlie Steam-engine," 

GS A 




The water in the boiler having been raiscti to s 

I lemperature of 212° or upward, ihe stopcock on 

I Ihe Bteam pipe is opened. Steam therefore fluws 

I towaniB tile steam vessel, which it finds, in the lirat 

CQ) full of air. The steam, being lighter than 

lOds to occupy the upper part of the steam ves- 

kI, snd thus displacing the air, causes it to open the 

vnlve itn the ascending pipe, and to flow out through 

that channel. 

The steam vessel having been thus tilled with 
steam, aoM water is permitted to flow over its sur- 
face by opening the stopcock n. The valvo on the 
Eleom pipe is closed at the same instant. The steam 
being thus condensed, a vacuum would be formed in 
Ihe fltearo vessel were it not that the air in the as- 
ccnding pipe makes ila way through the valve g, 
and ia followed by water, forced upward from the 
reservoir below by tiio |)rcGsure of the atmosphere. 
Tbia first part of the action of Savary's engine 
resembles that of a common pump, and is limited in 
practice to a height of about twenty-five feet. When 
the whole of the sieam is condensed, the steam ves- 
sel will (except after the first condensation, when the 
air originally contained in the descending pipe will 
be present) be filled with water. 

The flow of cold water over the surface is now 
Hopped, the stopcock on the steam pipe opened, and 
the steam again flows from the boiler. The valve 
on the descending pipe is at once closed, by the 
ireight of the water in the vessel, and the pressure of 
the steam. If this pressure exceed that of an atmo- 
q)hcre, the valve on the ascending pipe is opened, and 
the water forced upward through that pipe to ft 
height which will depend on the tension of tne •team 
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generated in the boiler. If (hat tension amount to 
two atmospheres, this hsight will be thK-tjr.four leclj 
and thirty-four feet more for each additional almo- 
sphere. Savary did not attempt to use steam ol 
greater tension than three atmospheres, and hence 
the height to whichwater was raised by the tvip tc. 
lioDS of the steam vessel did not exceed ninety bH. 
In order to employ the steam which would other. 
wise have been wasted, or would have accumnltttei 
in the boiler to a dangerous degree of ien8ion,B«*- 
ond steam vessel wns employed, communicating «ilil 
the same boiler and the same vertical pipe, and tbe 
two vessels were made to act alternately. 

78. This engine is liable to all the objections wbtd 
will be stated as applicable to that which superadded 
it, as well UB to some which are peculiar toittetf' 
The latter are : that it is limitedin its actioo, rab- 
ing water no more that ninety feet ; and that, on «■ 
count of its employing high steam, it was very WW 
safe, in consequence of the imperfection, both oflMi- 
terials and workmanship, which existed at the tnne 

79. These objections were removed in the enffxfi 
of Newcomen and Cawley. In this the steam vi# 
employed for no other purpose than to form a vaca. 
um by its condensation, and was required to posseH 
no higher tension than a single atmosphere. The ac- 
tual prime mover was the pressure of the atmosphere, 
which was employed to raise a weight, and this weighi 
in its descent, worked a pump. The pump, being of 
the description called forcing, had no limit of heighi 
other than ihe strength of the materials of which it 
was composed. 

The form of this engine, in ils most perfect atatOi 
It^presented in Fig. 29. 
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V. Pmnp. 

In the primitvo posilion of the engine, the beam ia 
inclined under the action of the weight with which ^ 
the puinp-rod is loaded, and llie piston is in its high- , 
est position in itie cylinder. The cylinder being fiiU 
of air, in order to set the engine in action the steam 
valve b is opened, and the steam, passing into the 
cyhnder, rises to the upper part, and expels the air 
tlirough the anifiing valve r. The whole of the air 
having been expelled, and the cylinder filled with 
Bteam, the condensing valve p ia opened, and water 
is injected. By the stream of cold water thus intro- 
duced, the steam is rapidly condensed, and a vacuum 
formed beneath the piston, on which the preBSure of 
the atmosphere acts with suiEcient intensity to force 
it down to the lower end of llie cylinder. The con- 
densing valve is now closed, and the steam valve 
opened. The equilibrium of pressure on tho piston 
being restored by ihe admission of slcam beneath il, 
the weight on the pump- rod preponderates, and raises 
the piston to its primitive posilion. By a second in- 
jection of water and the consequent condensation, 
the piston is caused to descend a second tilne, and 
again brought back to its primitive position by ad. 
mhting steam beneath it. 

The pump therefore is worked by a dosoend'ng 
weight; the weight ia raised by the pressure of the 
atmosphere ; the steam is applied to restore the 
equiUbrium of pressure for the purpose of allowing 
'the weight to act, and to form a vacuum, in order to 
render the pressure of the atmosphere efficient. 

80. This engine continued to be used for taanj 
years, diiring which it was receiving continual ioia 
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povements, the. most important of which was a 
method of opening and shutting the steam and con' 
densiug valves by the motion uf the engine. It as< 
famed its most perfect form in the hands of Smeaton* 
At length Watt, being employed to repair a model 
of the engine of Newcomen and Cawley, was sur- 
prised at the great quantity of steam which was used, 
and the great bulk of water required for condensation* 
He Was thus led to make experiments upon the voU 
ume of steam generated by a given volume of water, 
and the volume of water which the condensed steam 
was capable of heating to the boiling point. In the 
course of these experiments he discovered the latent 
heat of steam, at about the same time in which the 
general law of latent heat was discovered by Black. 
By this discovery the defects of the engine of New- 
comen and Cawley becanie apparent. It was now 
seen that the yiterior of the cylinder and the lower 
side of the piston being cooled down to a temperature 
of about 100^ at each condensation, the steam which 
first issues from the boiler must part with its latent 
heat and be converted into water, until the whole is 
heated up to the temperature of 212°, and thus, until 
that temperature is reached, the equilibrium on the 
opposite sides of the piston will not be restored. In 
this way, five times as much steam is wasted as 
would be necessary to fill the cylinder, and thus six 
times as much fuel is used as would suffice to pro- 
duce the requisite effect, provided the expenditure of 
latent heat could be prevented. 

81. In order to save this latent heat, Watt pro- 
posed to use a separate vessel for the condensation 
of the steam. As this vessel would speedily fill up 
with the water injected for the purpose of condensa- 
tion, it became necessary to provide for the removal 
of that fluid. Two methods presented themselves. 
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The iirst couaists in placing the condenser at 1 
thirty-four feel above a reservoir of water, with » " 
it comniunicates hy a pipe. As a column 
of greater height than thirty-four feet caDDot j 
supported by the pressure of tlie attnosphere, the CM 
denser would ihua be kept in the state of nearH 
perfect vacuum. Tliis method is, however, 1' 
in its application, from the difticuhy of finding si 
liona exactly suited to its use. It was therefore J 
jected. The other method consists in adapting 
pump lo the condenser, by which all the matter tl 
vessel contains may be drawn out. 

As a pump of the usual construction is res 
its motion by the pressure of the atmoapher 
the whole surface of the piston, a head was i 
to the barrel of the pump, through which the pi£A 
rod was caused to work in an airtight collar. 
spout was placed upon the side of the barrel, and H 
nished with a valve, through which the steam, d 
and heated water were discharged. j 

This pump goes by the name of the air-pump, fti 
the resemblance of its structure to the air.pump| 
Smealon. | 

82. The water discharged by this pump is m 
warm ; it is therefore used for feeding the boiU 
For this purpose it is received in a small reservOj 
whence it is conveyed by a pump prepared for ^ 
purpose to the feeding apparatus of the boiler. i 

S3. The water intended for the condensation I 
the steam, and injected into the condenser, is fq 
nished by a third pump. The last two of these d 
known respectively ty the names of the hot and o6 
Water pumps, 

84. Finally, Watt proposed to use the steam itai 
as the prime mover, in the place of the pressure of ti 
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Wmosphere. For iliis purpose, the piston-rod was 
made to work thruugli colbra, in a cover or head 
adapted to tbe cylinder. Steam was i»)Dveyed from 
the boiler to the upper side of tlie piston, where it 
acted by its pressure, while that beneath the piston 
was passing into the condenser. The downward 
strolce having been completed, the equilibrium of 
pressure upon the piston was restored hy means of a 
Bide pipe furnished with a valve. This pipe forms, 
vlieii the valve is opened, a commuaication between 
the upper and lower end of the cylinder, and the 
weight adapted to the pump-rod will now preponder- 
ate and draw the piston up, the steam passing freely, 
during this upward motion, from the upper to the 
lower side of the cylinder, through the side pipe. 

85. The valves, which, in the original form of 
Newcomen and Cawley's apparatus, had been worked 
by hand, were, by a subsequent improvement, worked 
1^ a frame suspended from the working-beam. Watt 
retained this method in his single-acting engine, ma- 
king it work his three valves, instead of the two re. 
quired in the atmospheric engine. This method was 
called the plug-frame and hand-gear. 
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j single-acting engine is represented in 



/. Hot water ciMem. 
K. Cold water ciHem. 
i. Frime by which the hand- 
geu 0! teven 1, 2, 3, of the 



u. Delivering door. 



87. The single-acting e 
Dating motion, and works t 



igine produces an aUer- 
nly during the descent o£^ 





lie pislon It is ihercloro unTt fu almost a 
3 except pumping. In order to ap[ ]j at 
manufacturing purposes, it was necessarj 

(!.') That the piston should be forced upward i 
well as downwariL ^^ 
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I (2.) That, iho connexion between the pistoD-rod 
I sod ihe working-beam should be rendered rigid, 
I and, at the same time, allow tlie rectilineal motion of 
I (he first to adapt itself lo the circular motion of the 

I (3.) That ihe reciprocating motion of the lever- 
beam should bo converted into one continuous and 
circular. 

The first of the^e requisite changes was afleci^d 
by a second side pipe, by the suppression of thooqui. 
Jibrium vaTve, and Hie eubaliluliou of two new valves, 
ihe one lo admit steam to the lower side of th6 pis- 
ton, the other to convey elcam from its upper side lo 
the condenser. 

The second property was obtained by an apparatus 
called the parallel motion. 

The third, by substituting a rod moving on a piv- 
ot for the pump-rod and chain. 

This rod had at its opposile end a wheel, the teeth 
of which caught in another wheel of equal diameter 
and number of teeth, attaclicd to a fixed axle. Upon 
this axle was fastened a lly-wheel. By this arrange- 
ment, the axle and fly-wliecl were caused to revolve 
twice for each reciprocating motion of the piston. 
The method had the name of the sun and planet 
wheel. In order lo control the engine when the 
steam varied in tension, or when the resistance was 
. subject to irregularities, a governor was added, driven 
' by a strap or band placed over the axle of the fly- 
, wheel. The engine, thus completed by Watt, is rep- 
resented Fig, 31. 

L CTlindsr. eg. CDndenaing iitvea. 

K Pmoa. h h. Hand-gear for coodeniiiie 

!<c Pusllel motion. »lves. 

L Plug frams, i. Eduction pipe. 
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n. Addilionn! nirpump (no lODg- t. Cold water pninp. 
Br used), i '-^Sun and ploiiBt w 




: ■ , ut wliL-el, a crank 
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now universally used. The fly-wheel not only serves 
to regulate the motion, but also to cause the crank to 
pass through both semicircles. Were there no fly- 
wheel, it might merely oscillate in the same semi- 
circle. 

In going thus from one semicircle to another, the 
crank is said to pass the centre. 

88. The importance of the double-acting engine 
of Watt requires that we should describe it more in 
detail, and in reference to the improved form which 
has since been given it. 

The steam is conveyed to the engine through a 
pipe, in which is situated a valve known by the name 
of the throttle valve. This has the flgure of a cir- 
cular plate, and is suspended on an axle passing 
through its liorizontal diameter. It may therefore 
lie in the direction of the pipe, when it will oppose 
but little resistance to the passage of the .steam, or, 
by moving through a quadrant, may close the pipe 
altogether. 

89. The steam passes through the steam pipe to 
one of the side pipes, and thence alternately to cham- 
bers situated at the two ends of the cylinder, known 
by the name of steam chests. 

Each steam chest is divided into three parts by 
means of two partitions. The middle part of each 
steam chest communicates with the cylinder, the up- 
per part with the side pipe just spoken of, the lower 
part with the other side pipe, which is prolonged un- 
til it enters the condenser. The latter is called the 
eduction pipe. 

90. Elach partition has a circular opening, ground 
into a conical form, to which a conical valve is fit- 
ted. When the upper valve of either chest is open- 
edy steam flows through it into the cylinder ; and. 

H2 
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wbeDthe tower valve is opened, sleam flows thrau|^ 
it from ttic cylinder iolo tlie condenser. Tlie four 
T&lves are therefore united in pairs, so tlial a steam 
and a condeasing valve of two separate steam chesta 
Biiall be opened and sliut together. 

91. The valves were formerly moved by adapting 
a rack to each ; this rack was caught by the teeth 
of u segment, which was moved by a lever passing 
airtight through the sides of tiie steam chest. Thoy 
are now usually moved by vertical rods. In the 
top of each steam chest a hole is lell, through which 
the rod of the upper valve passes, and the joint ia se- 
cured by a Blufiing-box or collar containing hemp 
and tallow. The rod of the upper valve is bored and 
ground, the rod of the lower vaJve is solid, and pass. 
es through the cavity bored in the rod of the upper 
valve. 

In a more recent form, planned by Mr. Hall, of 
New-York, the valves do not lie verlicoliy beneath 
each other, and each valve has a separate collar for 
the passage of its rod. 

93. Instead of four conical valves placed in two 
steam chests, and two side pipes, an arrangement 
which goes by the name of the slide or D .valve is 
oflcn used. To construct this, a pipe having the 
figure of half a cylinder is adjusted to the side of the 
cylinder, having its flat surface in contact with the 
latter. The steam passages enter into this pipe. 
Within this another pipe is placed of less length, 
which closely fills, and is ground to fit the outer pipe 
at its Iwo ends, and these parts areat such distances 
that when the one covers the steam passage nearest 
to it, the other shall leave its corresponding steam 
passage open. The intervening part of the inner 
pipe does not fill the outer pipe. The steam is ad- 
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mitted into the middle of the outer pipe, and fills ihe 
■pace between the two. The inner pipe being 
moveable by ihe actioa of the eogiae, the steam will, 
as this pipe ascends and descends, paas allernaiely 
into the steam passages. Openings are cut in the 
flat lacQ of the inner pipe of the same size as the 
steam passages, and at such distances that, when the 
one corresponds with its adjacent passage, the other 
shall not. Through these openings the steam passes 
sllemately to the inner pine, and then to the lower 
pan of the outer pipe which is in communication 
with the condenser. 

93. The cylinder is usually made in three pieces : 
namely, a hollow metallic vessel, having the figure 
imparted by its name, a lid or cover, and a bottom 
or bed-plate. These three parts are turned to fit 
each other, and firmly fastened by screw-bolla and 
nuts. The joints are rendered tight by hemp coated 
with white lead and oil. In the middle of the cover 
is an opening for the passage of the jiiston rod, and 
to this is adapted a stul!ing-box filled with hemp and 
tallow. 

The passage for steam to and from the upper side 
of the piston is cast upon the hollow cylinder; the 
lower passage is cast in the bed-plate. 

94. The piston is formed of two pieces, united by 
Bcrew.bolts and nuts. Betiveen thcso pieces is in- 
terposed a packing of hemp coated with tallow. As 
the packing wears, it may be tightened from time to 

, time by the nuts, 

"" B lower end of the pislon-rod is enlarged into 
jure of a truncated cone. This fills a similar 
' in the piston, and the two are fastened by 
rawing a key through an eye in the piston-rod iio? j 
Kinediately above the upper plate of the piston. 
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The space through which the piston moves, 
its stroke, is usually one half more than its own 
eter. The cylinder must be as much longer s 
leave room for the piston, and prevent it frorr 
king at either end of its stroke. 

This arrangement of steam pipe, steam c 
valves, cylinder, piston, and piaton-rod, will be u 
stood by inspection of Fig. 32. 

Fig. 3!. 




A. A. Cavity of cyjiader. 

bbbb. PiiLon. 

cc Pialon-rod. toeitnuiiLDeBieuncnei 

dd. Sleam puugea. Taltee, 

((. SUnm 'Dives. A. 8luffing-ba). 

//. Condensitig Taltei, Hi. gleam cb«li. 

Metallic packing is now used, in prefereni 
hemp and tallow, for rendering the piston tight. 
the beat form of metallic packing, the steam ^ 
moves the piston acts as a spring in order to 
the packing light. * 
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The condenser is also a. cylindric vessel, 
irmed of three pieces, the tower of which is pro- 
i|>ed, and serves as the basis of the airpump. One 
the side pipes terminates in the condenser, wliich 
la receives steam nlterHBtely from the opposite 
'rides of the piston. The condensation is performed 
partly by keeping the surface of the condenser coo!, 
by immersion in a cistern of cold water, and partly 
by the injeclion of water. The injection is effected 
Vf a pipe passing from this cistern into the conden- 
Bef. The quantity of water injected is regulated bj 
icock called the injection valve. Tlie pipe often 
lermiDates towards the candeoser in a nozzle, pierced 
Kith holes like the rose of a watering-pot. 

Another form of condenser is now coming into 
use, the invention of Hall, This is composed of a 
Kiies of pipes, immersed in a cistern through which 
I current of cold water ooatinually (lows. The wa- 
ter condensed in these pipes is pumped back Into 
Ae boiler. The waste caused by the generation of 
am ia therefore identically replaced, and tlie boil- 
being wholly fed with diatillecl water, is not liable 
to the deposite of sediment, or of the saline matters 
which are finally crystallized, whenever water con- 
I&ining them ia employed. 

D6. The communication between the condenser 
mid airpump ia by a horizontal rectangular passage. 
hi this is situated the lower valve of the airpump, 
called the foot valve ; it hos the form of a door sus- 
pended on hinges from its upper side. 

ST. The airpump is closed at top, and its pis- 
ton.rod works through a stufhng-box. Its piston is 
called the bucket, and has a valve. This is usually 
of the figure called a butterfly valve, being composed 
of two leaves attached by hinges to a diameter of , 
Ihe piston. 
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•Sfc, are discharged from 
pump by a rectangular spout, on which ia a' 
vbItg similar in form to the foot valve, and 
called ihe delivering door. The water discharged 
by this is received in a small cistern called the hot 
water cistern, in order that it may be used while 
warm to feed the boiier. Where Hall's coodejiscr 
is used, ihe airpump forces the condensed water im- 
tnedialcly into the boiler. 

08. In the cold water cistern ia immersed not 
□oly the coDdenser, but the airpump also. 

09. The cold water cistern is supplied lo overflow- 
ing by the constant action of the cold water pump. 

100. The hot water pump conveys the warm wa- 
ter to the fccdiug apparatus of the boiler. 

101. The capacity of the condenser in enginea 
used for manufacturing purposes has most frequently 
been made one eighthof that of the cylinder ; its usual 
dimensions being each one half of those of the latter. 
In boat engines this capacity ia increased one halC 
and the cold water cistern is dispensed with. The 
airpump has the same capacity as the coadenaer. 

The arrangement of conden 
valves, cold and hot water cist 
stood by inspection of Fig. 33. 

102. The state of the vacuun 
aspertained by means of the va 
is similar in principle and construction to the barom- 
eter gauge of an airpump. An indicator has been 
used for the same purpose. This is a piston sup- 
ported in a tube by a spring, which is forced down 
by the pressure of the atmosphere. The value of 
this spring is ascertained by experiment. 

103. In adapting the condensing engine to stennw 



■, airpump and its 
ns, may be under- 



n the condenser ia 
1 gauge. This 
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F. Airpuinp. n n m. Cold waler cistern. 

boats, the weight of the water contained in the cold 
water cistern, or the diminution of buoyancy in case 
of ha being in free communication with the water in 
which the veaael floats, would be a disadvantage. Jn 
order to auppreas this cistern, without diminution of 
ihe power of condensation, the capacity of the con- 
denser ia increased to half that of the cylinder. The 
hot water cistern also, instead of being placed on one 
ride of the airpump, is set upon it, and the delivering 
I door takes the form of valves in the lid of the air- 



104. The working-beam has usually three times 
he length of the stroke of the piston. The piston- 
rod is j lined to it by a pair of thin bnrs called slrapa { 
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these terrainale in collars, adjusted lo pivola or c 
trea on the head of the piston and the end of the 
working.beam. From a point halfway between that 
lo which these straps are attached and Ihe centre on 
which the working-beam oscillates, another pair of 
straps ia suspended. The two paira of straps are 
united by a rod called the parallel bar, from its hav- 
ing that position in reapect to the working-beam. 
Half the arm of the working-beam, the two pairs of 
straps, and the parallel bar, have th<! figure of a par- 
allelogram, whose sides are constant in length, but 
whose angles may change (heir dimension. In order 
to guide the motion of its angular points, the angle of 
the parallelogram formed by the parallel bar an^ the 
second pair of straps is connected by a rod to a '' 
ed point. This rod is called the radius bar. 1 
angle with which it is connected is therefore caused 
to describe an arc of a circle, of the same number 
of degrees with that described by the end of the 
working-beam, but having its convexity turned in an 
opposite direction. Three angles of the parallelo- 
gram, therefore, describe circular arcs, and the 
fourth is tlius caused to describe a path which di 
not sensibly differ from a straight line. This fourth 
point is that where the piston-rod is attached to the 
straps. The whole apparatus goes by the name of 
the parallel motion. There is another point in this 
system of bars and straps which also describes a 
straight line. This point is situated in the second 
pair of straps, where a line drawn from the centre of 
motion of the working-beam lo the point where the 
first pair of straps ia attached to the piston rod, cuts 
the second pair of straps- To thia point the rod of 
the airpnmp ia attached. The rods of the cold and 
hot water pumps do not require a parallel motion ; 
they are attached by collars lo gudgeooa in the 
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_ .jorkiag-beain, al diatances of one lliircl and one 
I kJf ofits lenglli ttam its centre. 

The parallel motion is exhibited in Fig. 84. 




For the parallel motion, a cross-head upon the pia- 
toD-rod, working in two vertical guides, is now ofiea 
fiibstituted. This method is the only one now uacd 
ia this couDtry, and is, for many reasoDs, superior to 
lite parallel motion. 

106. The working-beam was at first of wood, but 
ii now usually made of caat iron. The centre of itg 
own motion, with those of the parallel motion and 
pump-rods, are solid cylinders of wrought iron, or 
steel, carefully turned, and passed through the work, 
ing-beam. 

106. In many American engines the working- 
beam is a frame of cast iron, surroimded by a strap 
of wrought iron, of the figure of a lozenge. In this 
construction, a greater degree of strength is obtained 
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with less weight of material. The conneotifl 

of English engines lias a length equal to twic_, 

in American enginea three times the stroke of the 
piston. The effective length of the crank is half the 
stroke of the piston. 

ak is compelled to describe a com. 
plete circle instead of oscillating, 
ii3 it otherwise might, in the same 
..inicircular arc, by adapting a 
heavy fly-wheel lo the axle of the 

108. The method of working 
valves by a. plug-frame suspended 
from the lever beam, or by rr 
taken from it, has been in a great 
degree superseded. The plan 
most frequently adopted at present 
is composed of^he e 
the tumbling shttft. The tum- 
bling shaft has the shape of a crank 
and its axle ; cams are formed up. 
on the latter, which, by n 
rods, serve to open valves when of 
a conical figure. These valves 
sliut by their own weight when the 
action of the cam ceases. 

The construction of the eccentric 

A. Eceonlric opening, throngh which tb* 
aile of the fly-nheel psiaei, 

B. Itonplale of a circular shop 

c. Iron tine embracing the hccb 

d. Trianginat fnme. 
g. Notch falling upon a pntt of the lumbling 

ahaft. 
■h Crank of the tumbhng shaft. 
f. Conneotmg rod by which a slide valve 

may be woiled. 
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18 as follows : a circular plate is pierced by a circu- 
lar hole, whose centre is not the same as that of the 
plate itself. This plate is wedged to the axle of the 
crank, and revolves with it. The plate is surrounded 
by a circular ring, which does not revolve with it. To 
this ring two bars are attached, forming two sides of 
an isosceles triangle, and the frame thus formed is 
strengthened by braces. During the revolution of 
the plate with the axle of the crank, the end of this 
triangular frame has a reciprocating motion. This 
motion is communiccned to the tumbling shaf\ by 
forming a notch near the end of the eccentric ; this 
notch drops on the crank of the tumbling shaft. 
An eccentric is figured on the opposite page. 

109. Watt was in the habit of using steam having a 
tension about one sixth greater than an atmosphere, 
say, capable of exerting a pressure of ITJ lbs. per 
square inch. At this tension he found that the effi. 
cient pressure on the piston was no more than 10 lbs. 
His rule for estimating the power of a double->acting 
condensing steam-engine is therefore as follows: 
Multiply together the area of the piston, the length 
of stroke, the number of strokes per minute, and the 
constant number 10 ; divide the product by 33,000. 
The quotient is the horse-power. 

For each horse-power the evaporation of a cubic 
foot of water per hour will suffice, and the consump- 
tion of bituminous coal will be 10 lbs. per hour to 
each horse-power of the engine. 

This rule was founded on the belief that there was 
a loss of power equivalent to 7 J lbs. per square inch, 
in consequence of the imperfection of the vacuum in 
the condenser, the friction, and the obliquity of action 
in the crank. N'ow, the tension of vapour corre- 
sponding to the usual temperature of condensation is 
never more than 2 lbs. per inch; iVve ct^wV.^ ^xwo^ 
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the fact that its moat favourable posiliona correaiKxtd 
with the maximum action of the aleam, and its leaat 
favourable positions with an abaolute cessation in the 
flow ofthe vapour, causes but a amall loss by obliquity; 
and the friction is far from being sufHcient to make 
up the difference. The rule of Walt is, natwith- 
atanding, correct for the casca to which his observe. 
tioD was limited, namely, of a piaton moving with a 
velocity of from 200 to 250 feet per minute. At 
other velocities the rule would be untrue. The ac- 
tual cause of the difference between ihe efficient 
pressure on the piston, and the leosion of the vapour 
on the boiler after the friction has been allowed for, 
ia the fact which has been referred lo in the intro- 
duction, that all forces, except such as are constant, 
esert less power upon a body in motion than they do 
upon a body at rest ; and in the case under consider- 
ation, if we were to suppose the piston to be moving 
with the same velocity as the steam was capable of 
following it, no pressure whatever would be exerted. 
This simple and obvious fact has hitherto escaped 
the notice of all writers on the steam-engine. The 
mathematical investigation of the pressure upon the 
piaton due to a given tension of steam in the boiler 
and a given velocity ofthe piston, would bo attended 
with considerable difficulty. The Ch. de Pambour, 
by considering the question in another point of view, 
has been led to formulce which are capable of ex- 
pressing the relation between the tension of steam in 
the boiler, the state ofthe vacuum in the condenser) 
the velocity of the piaton, and measure of the worit 
which may be performed.* 

* The foundation o( Psmbour'i new Ibeoiy or ihe ateim-sn- 
gine tesu upon the Tnllowing equation : in which S ia the qaan- 

— m generated undar the giveo prasanra P in the boilnr, to that 
' ~ ' ir, n iS ia Ihenfore the lolume or Btsam formed pa 
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The rule of Walti however, has been ao long ia 
OK Lhat it wiil probably be reUuDciJ, noL as a mode 
of measuring the duly of a steam -engine, but as one 
\iy which an engine may be described in contracts 
Ktween the purchaser and the maker. Tlie denom- 
ination in horse-power has therefore not been chan- 
ged, although, by an improvement in the mode of 
using steam, the duly hoa been increased in some 
cases more than fourCild. 

The duty or an engine is estimated in the weight 
vhich can be lifted one fool by the combustion of a 
bushel of coals. In Watt'a lirst engines the duty 
tna 20 millions of lbs. By the introduction of the 
expansive action of steam, the duty has been raiaed, 
m some instances, tu more than 90 millions. 

110. Steam of greater tension may be uaed in 
the same manner as low steam in the condensing 
engine. To do this in a given engine would require 
an increase in tlio fire surface of the boiler, and, as 
the deostty increases with the tension, though in a< 
less ratio, the advantage gained would not be equiv- 
alent to the additional expenditure of fuel. A given 
engine might thus be mado lo do more work, but the 
extra work would coat more than if performed with 
B. There would also be a 



wtiance we obtain ror the resiatsnce which nuy be oreccooiej 
nd Ibf the qoantilj of water to lie 8Vapo™i«d, 

12 
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difficulty in keeping up & vacuum, unless the size of 
the condenser and the power of the airpump were 
iocreaaed. 

111. If, however, the communication between the 
boiler and engine be made intermitting, and the steam 
flow only during a part of each stroke, [he lenaion ef 
the steam generated in the boiler will be necessarily 
increased, even in higher proportion than the dimi- 
nution in the time of its flow. Thus, if the steam be 
cut off at holf stroke, its tension will be more than 
doubled. When admitted of such increased tension 
into the cylinder, and cut off after the cylinder is 
partly filled, the steam will expand and continue to 
act by its elastic force ; and if its final expansion do 
not reduce its tension below the measure of resistan- 
ces, the stroke will be completed. In this way, by 
cutting off the steam early in the stroke, vast advan- 
tages have been gained, and, in some instances, the 
effect of a given engine and boiler has been more 
than quadrupled, without any additional expenditure 
of fuel. 

112. In order to fit an engine for acting expan. 
aively, the boiler must be made of such form and 
material as will enable it safely to bear the increased 
tension of the steam ; a valve, to cut off the steam 
at the required part of the stroke, must be placed in 
the steam pipe, and apparatus for working it provi- 
ded ; instead of a common pump, the hot water 
pump must be capable of forcing the supply into the 
boiler, and the feeding apparatus appropriate to a. 
low pressure boiler removed,* Of all modes in which 
steam has yet been applied, this is found to be most 
advantageous. 

* Fat a full eipOBiticFn oT (he adnntagea of a contlensnig eo- 
pna acIiDg eiponiiiely, lec the auLhot't "TreatUaon IheSiiun- 
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IIS. High steam may be alao used without being 
I GondeQsed. The engine is, in this case, said [o be 
"high pressure." This method was originally pro- 
I posed as eariy as the time of Walt's improvement, 
J by Oliver Evans, an American engineer, II was 
I carried into effect by bim and by Trevilhick in Eng- 
I lud at the same time, in IBOl. 

114. A high pressure engine may have the same 
jeueral form as a. condensing one, being composed 

Wv a cylinder, parallel motion, working-beam, con- 

Ksecting-rod, crank, and fly-wheel. The cold water 

n, condenser, and airpuinp arc unnecessary, 

ire therefore suppressed. For the hot water 

n is substituted a reservoir, in which water may 

fie healed by the waste steam from the cylinder ; this 

ti lupplied by a common pump, and the water is 

forced from it into the boiler by a forcing pump, both 

worked by the engine. 

115. Instead of the conical valves which have 
been described, or the long slide valve, a short sHde 
valve is usually substituted. The structure and use 
of this may be understood from Fig. 36. 
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1X6. The cjluidcrs of high pressure engitMvare 
frequeallj plaoed horizontaUy. In this form of engiM' 
the parallel motion and working- beam are sopprew- 
ed, and ilie connecting-rod makes a connnunicalim 
directly between llie head of the piston-rod and the 

117. The high pressure engine derives its Talue 
in practice from the fact tliat Uiu tension of ste&m 
JDcreaaes in a higher ratio than its dcn^ty, when it» 
temperature is elevated : and thus, although it is id- 
ways resisted by the pressure of the atmosphere, a 
point will be reached at which its duty will be eb 
actly equal to that of a condensing engine woritiu. 
with low steam not cut oS", This equality is attedueS 
when the tension of the steam employed is equal lo- 
three atmospheres, A farther increase of tension 
will increase the duty of the engine, but in a iar leu 
ratio than in the expansive action of the condensing' 
engine. 

118. High pressure engines are therefore infetiQii 
to the condensing engine acting ejipansively in the 
economy of ihe power. They have, however, certain 
merits, which cause ihem to be used in many cases 
where the condensing engine might be employed. 
Their first cost is much less ; they are much simpler, 
and much more readily kept in repair. In addition, 
they are the only engines which can be applied to lo- 
comotion, for in this instance cold water for the ptir- 
pose of condensation cannot be supplied. 

119. When high steam is used, it is possible to 
apply it upon the same principle on which water is 
used in Barker's Mill {see § 45), or by its reaction. 
A very ingenious and efficient engine of this descrip. 
tion has been constructed in the United States by 
Avery. Its duly has been found, by actual experi- 
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menty to be superior to that of the high pressure en- 
gine and the condensing engine acting with low 
steam, but inferior to the latter acting expansively.* 

120. From a mistaken notion of a loss of power 
attending the . action of a crank, rotary engines, or 
those in which a continuous circular motion is pro- 
duced directly by the steam, have been much sought 
for. This notion is not Correct ; and even if a suc- 
cessful rotary engine should be constructed, no im- 
portant advantage would be derived from this cause* 
There would, however, be a greater degree of sim- 
plicity in the gearing of such an engine, which might 
be of use independently of any other reason. While^ 
therefore, the advantages which projectors have an- 
ticipated from rotary engines are not real, there may 
still be a sufficient gain to warrant an attempt at con. 
itructing them. 

* For a more full account of the Steam-engine in its most im 
fffored fonna, aee the author's " Treatjse on the Steam-engine." 
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vacbines uov£D by descending -wbibrts. 

121. A WEIGHT tends to descend with a veloci^ 
uniformly accelerated. This acceleratioa may be 
done away, and the motion rendered unirorm afier a 
time, by applying a resistance whicli increases in s 
higher ratio Uian ttte velocity. 

The air furnishes a resistance of this sort, and 
hence it baa been allempted to regulate mBchinesBet 
in motion by a descending weight, by placing leaves 
or thin plates of metal at right angles to the surfaea 
of a horizontal fly.wheel. Were the density of the 
air constant, this mode of regulation would be per- 
fect ; but, in consequence of tlie continual variations 
in temperature and pressure, it ceases to be efficient 
in those cases where accuracy is required. 

This is more particularly the case in the clock, 
where regularity of motion is the only desired ol^euL 

132, Failing in the application of the fly vith 
leaves to regulate instruments intended for the mess- 
ure of time, tlie pendulum* is now universally applied 
to the purpose. 

A pendulum itself, from its near iippronch to 
isochronism, would be a good measure of equal por- 
tions of time, were it not that it loses a portion of ita 
motion at each oscillation, in consequence of friction 
upon its axis of suspension, and the 
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air. Its oscillations, in consequence, are not abso- 
lutely equal in time, and it finally ceases to oscillate. 
The force of a descending weight may be applied for 
the purpose of restoring to the pendulum at each os- 
dilation the motion it has lost, by means of a train 
of wheels and pinions. As this loss is extremely 
small, the intensity of the action of the weight is less- 
ened by causing wheels to drive pinions. In this 
way, too, as the descent of the weight will be checked 
by the pendulum, reacting through pinions driving 
wheels, this descent will be slow, and the weight will 
take a considerable time to pass through a small 
space. The apparatus, therefore, may continue in 
motion for several days without occupying much 
room. The train of wheels and pinions may be made 
to subserve another purpose, for those which have 
the slowest motion are capable of registering upon a 
divided circle the revolutions of those which move 
fiuteir than themselves, and of subdividing each of their 
own revolutions. 

123. A clock, then, is an instrument intended for 
the measure of time, and is composed of a pendulum, 
adapted as a regulator to a machine usually moved 
by a weight, which machine counts and records the 
number of the pendulum's oscillations. 

124. It is difficult to estimate exactly the quantity 
of motion lost by a pendulum at each oscillation ; it 
therefore becomes necessary, in order to prevent the 
clock from stopping, to give it motion by a weight of 
more intensity than would be barely sufficient. Un- 
der the action of such a weight, a tendency to accel. 
eration will ensue, but this will be counteracted by 
the increased arc in which the excess of force would 
tend to make the pendulum swing, and an increase 
in the arc will rcauire a longer time for ita de&cT\^« 



tion. Thus, after a time, the arc will become constant, 
and the oscillations equal. A clocl^ is now said to 
take up its rote, and it will do this the sooner, as the 
excess of the acliou of the weight is lesa. From this 
it follows that a clock ouglit not to be allowed to 
run down, and should bo so constructed that tho mo- 
tion may be kept up while the weight is in the act of 
being lifted back to its primitive position. 

It will appear, from what has been stated, that the 
less the weight that will ensure the clock to go, the 
better. The weight is therefore never sufGcient to 
cause tlie pendulum to begin to move, but the latter 
must be raised through half ita arc of oscillation by 
hand, and then left to itself. The oscillation thus 
commenced by the falling of the pendulimi from the 
poaitioii to which it liaa been raised, is aAerward 
kept up by the action of the weight. 

126. Wo have supposed the pendulum to be of 
constant length ; but ihia cannot be the case when 
the pendulum is composed of a simple metallic rod 
bearing a bulb, for both are subject to expanaioa and 
contraction by alternations of heat and cold. This 
defect iiaa been obviated by various modifications of 
the pendulum, by which it is said to be compensated, 
or caused to remain of nearly invariable length du- 
ring all the changes of temperature which can occur 
by exposure to the climate. 

Two different principles have governed the con- 
struction of compensation pendulums : 

(1.) To make the bulb and the rod of such mate< 
rials, that the expansion of the former upward shall 
exactly equal the expansion of the latter downward. 

(2.) To make the rod of several pieces, acting in 
opposition to each other, in such manner that the 
joint expansions of a part of them downward shall be 
counteractod by the joint expansions of another port 
and of the bulb upward. 
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The pendulum mosl in uac, whicli depends Cor lU 
Mructurc on the first principle, is the niercuri&l {ten- 
dulum uf Grahnm. The most familiar pendulum, 
fuunJt^d un the second principle, is the gridiroa pen- 
dulum of Harriaon,* 

A wooden rod thorougttly seasoned, oad pcalefft- 
ei by varaiah from the moisluri: of the atmo^pliere, 
onswera as a ineusura of e(]ual lime nearly as well 
u ihe best compensation pendulum. 
126. The weight which moves a clock is attached 
. to a cord. This cord is wound around a barrel, or 
ii stretched by a counterpoise over a pulley. When 
. the weight is left free, itt in descending, turns ibe 
_ bftrrel around and uncoils the cord. Ilisnecessaryr 
^iQ order that the weight may bo wQund up after it 
\ ma finished its descent, without turning the wheels- 
.back again through the whole of tlie^r respective 
■xefolutioDs, that this barrel should bcattacheu to the 
idle wheel of the train by some method, which,. 
Ifwie it conveys the whole impulse of the weight ia 
gas direction, shall permit free motion in the other. 
XM» is ejected by roeansof the ratchet and ratchet- 
el; the formur of which is attached to the first 
Irheel of the train, the latter firmly fixed t&the bar- 
rel. The ratdiet and ratchet-wheel are represented 
Pig. 37. 

137. In tWi common cight.day ckwk tfaeie hfb 
Star wheels, which axe enclosed belwcen two plales, 
D which their axles rest. The first or great wheel 
las the same axis with the barrel, and i& attached to 
it by neoxis of the ratchet-wheel. The great wheel 
revoWes in twehe hours, and might therefore carry 
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Fig. 37. 
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■the 'hoar-hand, which performs a circuit of the 
plate in that space of time ; it has 96 teeth, 
turna a pinion of 8 teeth. This pinion is fixe 
the same axle with a wheel, which revolves wi 
in an hour, and is hence called the hour-wheS 
from its position opposite to the middle of the 
the centre wheel. The hour-wheel has 64 teeth 
turns a pioion of 8 teeth. This pinion, in the 
ginal form of clocks, carries upon its axle a * 
whose teeth are at right angles to the plane in w 
it revolves, and which js hence called the conl 
■wheel. The contrate wheel has 60 teeth, and t 
a pinion of 8 teeth. The a^us of this pinio 
vertical, the contrate wheel having the proper! 
communicating a motion at right angles to tht 
which itself revolves. On the vertical axle of 
pinion is situated a wheel, called the swing or en 
wheel, which, of course, revolves in a horizc 
plane. This has 30 vertical teeth, unequally j 
ned at their two facea like the teeth of a saw. < 
crown-wheel lies a rod called the verge, ■ 



PRACTICAL MECHAMCB. Ill 

which project downward two leaves or pallets that 

arc not in the same plane. These lie over points of 

ihecifcumTerence of the wheel nearly opposite to each 

oli)er, and, as the number of tcieth in Ihe crown-wheel 

:n, they will alternately receive impulses from 

it,uid these impulses are in opposite directions. An 

, oscillating motion is thus given to the verge, at the 

of two vibrations for each tooth of the crown- 

' wheeL The verge ia bent downward behind the 

Ipiate of the clock, and is again bent horizontally ou t- 

'ward; the last part is forked, and the pendulum 

being dropped between ihe branches, receives from 

diem the motion communicated to the verge. The 

forked part is called the crutch. 

The arrangement of crown-wheel, pallets, and 
verge is repreatnied in Fig. 3S. 
Fis. 38. 




The great wheel being situated far from the centre 
of the works of the clock, and it Ijeing usually con. 
ndered expedient to make the hour and minute hand 
revolve upon the same axis, additional wheels and 
jHiuons, called the dial-work, are inserted between 
Ihe front plate of the clock and the dial. Besides, if 
Ibe hour-hand were carried by the great wheel, it 
would revolve in a direction opposite to that in which 
the minute-hand revolves. In clocks where the 
■ymmetry of position ia considered of less importance 
than simplicity, a wheel upon the same axis 
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great wheel is made to lure another wheel of tli 
same number of teeth with itsclfi and which wi 
revolve at the same rale, but in a contrary direclioi 
and the dial-work is omitted. 

A side view of the common clock is exhibited i 
Fig. 39 

Fig. 39. 
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' V. WctrfaC. g g Palkti. 

8. BurS. X h. Veige. 

( t Ralcbet Wheel i i i. Crutch. 

■ I. Gml Wherl. p p. Pdiidulum, tepresented u 

d i. Centre Wheel. lUipended by ■ thread ftom 

( t ContraW Wheel, the rod o a. 
ff. Swing, or Baluice Wheel. 

The wheels k k,lk, and n n, with the pinion m n, 
are placed Ixjtii'een the front plate and ilie dial, for 
the purpose of reducing the motion of the wlieei d d, 
H'hich revulves in an hour and carries the minute- 
hand, to one of a twelflh part of the speed, by which 
the hour-hand may be carried. The barrel t, and 
the axlo of the wheel k k, are hollow, in order thai 
ihe axle of the wheel d d may pasa through them, 

126. The method of converting the continuous 
motion of the wheels into the reciprocal ins motion 
of the pendulum, by a crown-wheel and paTleta, has 
the advantage of great simplicity and cheapness. It 
is not, however, favourable to accuracy in the divis- 
ion of Ume. 

129. A very simple clock was proposed and con- 
structed by Franklin. This has only three wheels. 
The first of these revolves in four hours, and haa 160 
leeth. The pinion of the second wheel has 10 teeth, 
and the wheel itself 180 teeth. The third or bal- 
ance-wheel has 30 teeth, and its pinion 6. The dial- 
plate ia divided into four quadrants, each of which 
18 divided in 60 parts, and the hours are numbered 
from 1 to 12, upon a spiral within the graduated cir- 
cle ; the spiral makes three revolutions between the 
centre and the circumrercnce. One hand, therefore, 
HrVBS to point out both the hours and the minutes. 

A ^ock of the same number of wheels, whose great 
wheel revolves in 12 hours, was planned by Fergu- 
mm j but, in order to remove some obiectiona urged 
K2 
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againsi ibat'ef Franklin, he loaded it wilh' 
which are liable fo greater ones. 

A more beautiful and ingenious modificatioo of 
lhe«lock of Franklin has been constructed b; Bre. 
guet, and is roprpscntfd in Fig. 40. The great 
wheel of this has 383 leelh, the pinioQ it drives 6 
teeth; ihe latter is'iipoti the axle of the bakace 
wheel, which has 30 U eth. 
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TTus dock, like many other Frencii timekeepers, 

hu an arraogement called tlie equation, by which 
tean time it mark» is converted into apparent 
This is rendered expedient by the practice of 
Fmnce, where the apparent time ia thnt by which 
}Dcern3 of life are regulated, but would bo of no 
value in this country, where wfl employ mean time. 
This equation apparatus is of much ingenuity, but is 
not of sufficient importance to us to need description. 

Clocka, except when intended for aslranomic pur- 
poses, have oAfin an additional set of works for the 
purpose of striking the hours, and occasionally the 
hall' hours, or even quarters. This is moved by a 
Weight, but is locked except just at [he lime it is to 
strife, when the other set of works removes the de- 
lenU The regulator of the motion is a small fly 
with leaves. 

180. Any mode by which the continoous rovolu. 
lioa of a timekeeper can be converted into a reeip- 
roOBting motion, is called a scapcmcni. The crown- 
wlieel and pallets do not furnish a good scapement, 
(br aeveittl reasons. 1. The pendulutn swings in 
loa IaW6 an arc, and is hence more suNect to vari- 
adon wan were the arc smaller. 2. The pcndu. 
lURi alii weight are never wholly free from each 
othM) and the forinef ia, therefore, continually sub- 
ject to ^e accelerating iniluence of the latter. 3. 
A recoil or reversed motion ensues from the mutual 
action of the weight and pendulum. 

These objections have been obviated by various 
other scapemenls, by which the arc has been much 
diminished, the pendulum left free during its entire 
oscillation, and the descent of the weight complete, 
ly checked, but without recoil, at the end of each os- 
cillation of the pendulum. When scapements have 
the secoad at these properties, they are aaid ti 
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free or detached ; when they produce the laBtel 
the clock is said to make a dead beat. Of the! 
BCapemenls the moat inlercating are as fotlowa, viz. 

(1.) The anchor scapement, as represented in Fi| 
7, page 21. 

This is still liable to recoil. 

(3.) The improved anchor acapement, by whic 
recoil ia obviated. This improvement was the L 
vention of Graham, and a form of it, applied by Re 

a clock in the collection of Columbia College, 
■ d Fig. 41. 

Fig. 41. 




(3.) The scapement of Amant or rf cheviiles, re 
«8ented Fig. 42. 

There are various other acapements, of great 
lOmplexity, which are applicable to clocks; thoi 
which have been described are, however, the mo 
interesting, and sufficient for roost practical purpose 



PRACTICAL MECHAKICa. 




n confurmily 
r olhor of llie 
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131. The best clocks, ihercfort 
with what has been stated, have an 
improved scapemeuta which ha.v& b 
compensalion pendulum, cknd an apparatus for c 
linuing the motion of the great wheel while the 
weight is in the act of being wound up. In order 
IQ prevent wear and lessen the friction, the pallela 
are often constructed of corundum or other hard 
stone. In astronomic clocks, which are intended 
to mark sidereal time, the motion of the hour-hand 
b taken off from the great wheel in such n 
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to cause it to revolve ia twenty -four hours inatead of 
twelve. 

With such improvementa and great nicety of work, 
manahip, clocks have been constructed which Hk 
not varied more than a fraction of a second from 
their rale for a whole year. The moat remarkable 
instance of this sort, is a clock made by CummiDg, 
the property of Captain Brown, of London, whicb 
was used hy Kater and Sahine in their esperiineiiti 
on the penduluni. 

133. Muchof tlie perfection and cheapness of mod- 
ern clocka depends upon the application of Ihe me- 
chanical principle of the division of labour- Tbo 
manufacture of clocks includes sixteen diflbrtnl 
trades, and each of these comprises several subordi- 
nate departments, on each of which separate woik* 
men are exclusively employed. 
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OP HACHINES MOVED EV SFRIHGS. 

138. It has been stated that clocks are usually 
moved by weights. Springs may also be employed 
for the same purpose, and this is usually the case in 
Ihose of small size, which are regulated by balf-seo. 
ond pendulums. Springs, however, are more fre- 
quently used in the species of timekeeper called a 
watch. As these are intended to be portable, they 
can neither be impelled by a descending weight, nor 
regulated by a pendulum, for t!ic motion of cither of 
these is interrupted by any disturbance. 

134. The spring which acts as the prime mover in 

IB watch, and >s called the mainspring, is, as has been 
stated in § 17, of the figure of a spiral, and is coiled 
in a barrel, to which it gives motion. This barrel, 
in moving under the elastic force of the spring, coils 
a chain around it, drawing- this chain from another 
Inrrel called the fusee. As the spring acts with a 
varying intensity, this barrel is made conoidal, and 
in withdrawing the chain from it, the spring begins 
to act upon its smallest diameter ; but, as the chain 
is withdrawn, the diameter on which it acts increases. 
This is effected by cutting a spiral groove around the 
fiiBee. The figure which would meet the law of the 
spring's elasticity, is one formed by the revolution of a 
hyperbola around its assymtote. As the spring can- 
not be absolutely homogeneous or uniform in struc- 
I tee, this figure is only an approach to the truth. 
wSgure whicn will compensate the varying action of 
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any given spring, ia produced by cauaing the aprb 
itself to act as the moving power in an engine, b 
which the spiral groove is cut. The barrel whic 
contains the mainspring) the fusee^ and chain, ai 
exhibited Fig. 43. 



Fig. 43. 




135. The fusee ia conncciuJ with the great whe 
of the watch bymeaus of a ratchet, and in the belti 
class of watches a epring is applied to it, by whi( 
it is kept in motioa while ilie maiBspriag ia in tl 
act of being wound up. 

136. The watch has five wheels driving four pii 
ions. The second wheel is in the centre of tl 
works, and derives its name fram this position. Tl 
fourth wheel ia a eontrate wheel, and the fifth 
crown-wheel, called the balance-wheel. The be 
ODce-wheel acta upon two pallets attached to a verg 
to which it thus gives an oscillating motion. Id o 
der to effect the regulation of the watch, afly.whe* 
called the balance, is attached to the verge, and tl 
Dscillalions of this are confined by a small spir 
spring, attached to the verge at one end, and to a Sx( 
point at the other. This spring, from its dimei 
sions, is called the hairspring, 

The balance, hairspring, verge, pallets, and crowi 
wheel, are represented Fig- 44. 

137. The rateof a watch is originally adjusted b 
altering the length of the spring between the poini 




|0 vitiKh it ia fastL-ncd. Tiiis ^ldju^^tmcln may be 
Hdnequently varied by altering the po^iiiua of the 
point to which its outer coi I is attached. Tho appa- 
ratus for the latter purpoae is called the regulator. 

138. Wore the mainspring and that which con- 
trols the motion of the balance of equal strength, the 
one might control tho varying elasticity of the other. 
Bui, as this cannot bo the case, it becomes neces- 
sary to compensate the rate of the watch for the 
clumge in the elasticity of the springs, produced by 
heat and cold. This was at lirst attempted by 
means of a curb applied to the hairspring, and act- 
ing on the same principle as the gridiron pendului 
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The compeosauoB b now ejected in the boluMa 
itself wbase weight, and the diaEance of liie circle in 
which iia force may be considered as acting, affecia 
the intensity with wfaicb the hairspring reacts. The 
rim of the balanceis cut into segments, each of which 
a joined to a spoke at one end ooiy. The segmenU 
are formed of area of two different metals firmly oni- 
ted. As these metals have different rate* of espan- 
rion by heat, their uaeifUBl variation in leDgtb will 
cause the curvature of the arc to change, and aller 
the distance of the free end of the segment from ibo 
axis. In order to give the balance more power, thi) 
end of the segment is loaded until the balance can 
no longer be set in motion by the force of the main. 
spring, transnutted to it through the trmu of wheels. 

It will be easily seen that the varying curvatuieof 
the segments might be made to counleracl the vaiy- 
ing length of the spokes, and thus make the efficieal 
diameter of the wheel constant. This is not, howev. 
er, done, for the structure of the balance must, in ad- 
dition, be made to compensate all the different ac* 
tiona of heal upon the whole works. 

A compensation balance, by Arnold, ia represenwd 
in Fig. 45. 

139. The crown-whee! and pallets are equally 
objectionable as a ecapement in the watch as in tbfl 
clock. A variety of others have, therefore, been 
proposed, in all of which the contrate wheel is cban- 
_ ' ' 3 one whose teeth lie in its own plane, and 
thus the balance-wheel is caused to move parallel to 
the others, 

A flcapement which has much celebrity is known 
by the name of the patent lever. In this, the bnl. 
ance-wheel and pallets are such as have been descri> 
bed in § 130, under the nojne. ot ■Cwa wxdwM ^R^&!da< 
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To the fixed point of these polleta a bar ia attached, 

' In the direction of a radiua of the balance-whecl ; at 

&e eirtremity of this bar or lever is a segment of a 

inrcle cut into teeth. These leelli catch into those 

' of a pinion which surrounds the verge. 

The Bcapetncnt most frequently used ia French 
' and Swisa watches is that d cylindre, which usually 
goes by the name of its inventor, Lepine. It has 
§ie form shown in Fig. 46, on page 124. 

The beat scapement for a pocket watch is that of 
Duplex, represented in Fig. 47, on page 124. 

When the utmost accuracy is required, the chro- 
nometer acapement is employed. Of this there 
nirioua kinda, Tlio most usual of these is the in- 
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vention of Arnold, of London, exhibited in Fig. 49, 
□D the opposite page. 

This scapement admits of a free or detached mo- 
tion in the balance. 



Fig. 46. 




PRACTICAL HECHj 




To lessen the friction, llie ends of the verge, and 
SOmetimeB of the wheels nearest to llie scapement in 
order, are ground to a point. These points rest in 
shallow cupa of hard stone. In chronometers and 
watches of ihe best class, the part of the verge which 
is worn by (he scapement is also frequently made of 

140. When the scapement is of a good description 
and the balance heavy, the latter may, by the aid of 
the hairspring, control the irregularities of the main- 
■pring without the aid of a fusee. In this case the 
great wheel U attached directly to the barrel in 
which the spring is situated, by means of a. ratchet. 
This is the more usual p!an in the Lepine watches 
and those of Breguct. In English watches and all 

-.chronometers, the chain and fusee are retained. 

141. A watch planned to keep the most exact time, 
tad thus fitted for the purposes of nautical astrono- 
my, b called a chronometer. This has one of the 
Bcapementa appropriate to it, a strong regulating 
Bpriog coiled in the form of a helix ; a. compensation 
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balance ; the ends of the axles of the balance and of 
the more rapidly moving wheels are ground to poiniB, 
and iheir sockets bushed with Jewels. In onler to 
counteract tlte irregularities in motion which arise 
fi'om the fact that a given tooth on cither wheel 
presses with variable intensity upon the tooth of the 
pinion witli which it is in contact, the motion of ihe 
scapement is often produced by the direct action of 
a small spring called the rcmonioir. The use of 
the mainspring and the train of wheels is therefore 
limited to winding up the remonloir. Two such 
springs must be used in Ihis case, in order that one 
shall be wound up while the other is in action. 

143. The form and arrangement of the parts of a 
common watch may be understood from Fig. 46, 
which is a horizoniai plan of the works, 




•. Wheel containing the spring. 

i. Cbma. 

rf. Greil Wheel. 

I, Centre Pinion. 

f. Centre WheeL 



g. Thira Wheel. 

I Aileon IhB end of which, Kf. 
werda/, Rre Bpen the Crown- 
wheel and lis Pinion. 

k. Conlrale Wheel. 
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A section of the same watch is represented Fig. 50. 



■. I* llie bBrral wbicb conlaina h. Tbird wbael, 

tbs ipnng. i. Pinion of ths conlrste wh««l 

t, Tba foHW and great wheel. k. Contnile wheel. 

e. PiDioD of the ceutre wlieel. n. Crown wheel. 

/. Centre wheel, p. BalDnco. 

(. Pinionof Ihelhird Vfheel. ji i. Dial work. 

143. The construction of a watch ia more difficult 
than that of a clock, and the regulation by hairspring 
and balance far lesa accurate in principle than the 
peadulum. In spite of these obstacles, chronome- 
ters have been constructed which have varied little, 
if any, more than the b^st clocks from their rales. 

144. The cheapness and excellence, even of com- 
mon watches, is owing to the division of labour. 
Each different part is the object of a separate trade, 
and eaclT separate trade is divided into branches, 
no two of which are exercised by the same individ- 
ual. The work.^ made in isolated parts are put to- 
gether between the plates, and sold to the persons 
who put their name upon ihem as makers. Up to 
this time, the number of separate trades which have 
heen concerned in the fabrication of the watch is 
twelve. The maker afterward employs twenty-one 
different artists to finish ihc watch and prepare it for 
aale, and each of these thirty-three separate branches 
has its Biibdivisions of labour. 
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MACHIHES MOTES BT «£H AMD ASOtAL6, 

145. The strengtli of man has found so many 
and subslilutea io Ihe great natural mechai; 
agents, that there ore few compound eoginef 
which his unassisted labour is exclusively app] 
la many of those capable of being worked by r 
whenever long-continued esertion is demanded, 
strength of horses or other animals may be more 
vantageously applied. There are, however, b< 
instances where the strength of man is the onlyi 
venient mover under the circumstances to which 
machine is subjected. A few of these enginea 
BufBce as an illustration of our subject. 

146. The Crane is a machine made use of 
raising heavy weights, and, at the same time, cl 
ging their position, referred to the horizontal pli 
a short distance. The crane is a compound 
chine, made up of a. wheel and axle and a pu) 
The accessory parts are the Arbor and the 
The arbor is a vertical shaft, having a complete 
olution around its axis, except when restricted by 
sition, as, for instance, when the crane is pli 
against a wall. The jib is a projecting frame 
toched to the arbor, and revolving with it. The 
ley, which may be either single and iixed, or a c 
bination of blocks, is adapted to the extremity of 
jib. The wheel and axle is sometimes attachet 
the arbor, and sometimes placed on a separate 
Bia. The crane may be portable, or, if not ports 
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o other support than iia pressure on Ua 
In such & cose, the mttcbine must be so 
fueled thal.QTon when loaded with the henviest 
l^t il is capable of lifting, the line of direction of 
""^tre of gravity shall fall within the base. 

e of this description is represented in Fig 



Fig. 51. 




The wheel and axle tnkes, in Ih:; above figure, the 
fivnt of a windlass. This may be worked by men 
taking hold of pins adapted to its circumference. 
Tbe wheel has also been made hollow, and s 
formed upon its inner circumference. Men walking 
upon these steps cause the wheel to turn by their 
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weight. A belter method consists in ibmiiiig^ tlw % 
steps on the outside of the wbeel, and adapting a[^ I 
form at tho level of the horizontal diameter of in I 
wheel, whence men may step upon its circumfendQis^ ] 
This is one of the most advantageous modes O^U- ,J 
plying human sirenglh. A man working up6i( !^ i 
iMBsidea overcoming the friction of the engine, baft^ 
erted, fur ten hours per day, eight tenths of the ana> 
med measure of the power of man (see § 31). 

When the crane is placed within a building, the 
top of the arbor may be supported by a beun,or 
from one of the walls. In this case no precautions 
for balancingitscentreof gravity are required. The 
jib may now lake the simple shape of a gibbet Sxod- 
cd of a horizontal beam supported by a diagonal 
brace. In ihia form the pulley, instead of beinf fix- 
ed at the extremity of the jib, may be adapted to t 
small carriage moving on a railroad laid upon the 
horizontal beam. Thia carriage may be moved to 
and fro, by passing a chain over a wheel adapted to 
it for the purpose ; this wheel has another, cut into 
teeth, upon its axis, which catch into a rack laid upon 
the beam. 

The power of the engine may be increased, al> 
though, aa in all similar cases, at the expense of ve- 
locity, and, consequently, of time, by cutting the wheel 
of the wheel and axle into teeth, and driving it by & 
pinion. The pinion itself is turned by a winch ot 

A crane with these modifications is represrated 
in Fig. 52. 

147. The Gin or triangle is also composed of ■ 
wheel and axle, or pulley. Its accessory parts are i 
tripod of wood, and a hook whence the pulley is sus- 
pended. The wheel and axle is usually worked 
like a ship's windlass, by handspikes passed into holM 
cut in the axle for the purpose. 




149. In building walls of heavy stones, cranea are 
I occasionally used ; in some caaea of tlija sort, an en- 
gine called a Derrick is employed. This is also a 
combioatioa of a wheel and axJe with a pulley. In 
nme instances it takes the same form as the gin^ 
in others the pulley is supported by a gallows frame, 
to which the wheel and axle is attached. This frame 
is flupported by two ropes or slays, by hauling on 
one of which and slackening the other, a stone raised 
parallel to the face of a wall may be laid on the wall 
Itself. A still more perfect apparatus of thia descrip- 
tion, called the Boom -derrick, has recently been intro- 
iduced in this city. This unites the advantages of 
the derrick with those of the crane, and will raise 
and set down its load at any point within the circle 
of which the boom is the radius. 
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Ua. In Ihe Pile. 
cine, a heavy weigli 
slowly raised to a con 
erable heiglit, and 1 
suddenly discharged 
on the head of a poi 
beam which is to bei 
en into the ground, 
is usually compose 
a wheel and axle co 
tied with a single 
pulley. The form 
ployed m ihe hy. 
lie works of the ci 
New-York ia repre 
ed in Fig. 53. 
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The treiulwheel furnishes a better mode of apply- 
ing human strength to this engine than the winch. 
By a direct comparison mada by Captain TumbuU 
OD the Potomac aqueduct, six men performed as 
much work with tlie former as eight with the latter. 
UiLJor Smith, U. S. Engineers, haa used an engine 
ia which the men Ircaii upon a vertical ladder, which 
ii even more advaQtogcoua. 

In great hydraulic works, as in establishing foun- 
dations for the piers of bridges, and for wet or dry 
dt^cks, the strength of horses has been substituted in 
driving piles for that of man. This substitution 
nught appear to be difficult, in consequence of the 
riaK to which the horses would be exposed of incur- 
ring injury at the momenta of the discharge of the 
ram and the attachment of il to the follower. The 
return of the follower without reversing the motion 
of the horses, or an acceleration that will injure 
the machinery, also requires to be provided for. 
These several difficulties have all been obviated in 
the pile engine of Vauloue. This is also remarka. 
Ue for liaving been one of the few engines which 
have oome perfect from the mind of the inventor, the 
original machine having every part necessary to ita 
performance, and having received no improvement 
except in workmanship and materials since it was 
first employed in the structure of Westminster Bridge 
in 1732. 

The ram and follower, with the gallows, pulley, 
and inclined cheeks, are similar to those of the en- 
pne just described. The shears of the follower are 
of more perfect structure, and have rollers on the 
Wtiemity of their arms, in order to lessen their frio- 
lloa on ihe cheeks. The wheel and axle has a 
ticol axis, and is represented in Fig. 54. 
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The action of ihis eiigiti. 
tbe deacription of this figure 




0. Great whrel. to the aile of which the horses are bsmesnil 

bymeimsDfhoniiomalbiiri. 
b. ^nian, 

c Fly-wheel an the ntae aile with ihe pinion. This Is at Hliii' 
weight, und oppoaes bo muoh inerlin to Ihe action uf ttiohmK 
that the itlschment of the follower to the lam is not atlBuW 
with aengiblE rcsietuice, and ihe weight of the latter oniy pio- 
ution oflhespeai of the hotsea. Th»«- 
ta again diminished gnduaJly when thi 






ji a gradual dim 

locicy of^lhe flywhi . 

nm 19 didc barged, 

i. Drum OQ which the ro 

direction changed by Iv 



■ pulieye, 



attached lo t 



The asles of llie drum and great wheel are hollow, 
aiid a 8pindle,/y, passes freely through them. This 
spindle ii pressed against the end of' a \evei/g, by 
a weight acting upon a lever A f i. The Hamo 
weight acts upon a pin i i, by which the great wheel 
a ia attached to tbe drum d. To ibe opposite eiJiJ 
of the lever/j.coriiB are attached, which proceed t« 
the lop of the frame within which the ram and fiS(i 
iower move. When t\iB \ax\eT ^lan '(eacVi'w&\a^ 
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eit positioOt and immediately after the ram has been 
discharged, it presses against these cords so forcibly 
as to raise the end of tholever/g, to which they are 
attached, and thus forces down the other end /. In 
this way the spindle jf/ is made to act on the lever 
i/fhfinBoeh manner as to draw the pin 1 1 from the 
uum iu The latter being thus detached, the weight 
ofthelbUower is sufficient to turn it backward, and 
the IbUower beghis to foil. In order to prevent the 
ioottlefation of the descent of the follower, a fbsee is 
faniMl .on the top of the drum d. Upon this fusee a 
mmXk k is coiled while the r^rn is raised. To this 
MI.a snuU weight is attachedy that acts at dis- 
iMMii firom the axis which increase. as the cord un. 
Qpib itself and thus opposes the acceleration of th^ 
Mbvrer. 

The selection of machines we have now made 
will suffice .as instances of the 'manner in Which 
the strength. of .men and animals may be employed^ 
A* voppects the use of the latter as a prime mover, 
wheel caimges furnish an instance of more frequent 
and .ge&eral application. The principle on which 
the use of these depends, and the rules for oonstruct* 
ing .the roads on which they move, are of sufficient 
importance to entitle them to be considered under a 
leparate -head. 
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OF ^VHEBL CARBIAGES AND SO ADS. 

150. When ihe strength of an animal ia applied to 
draught, the force exerted ia measured in terms of & 
weight raised perpendicularly upward. In the case 
of B. horae, the most advantageous exertion of his 
strengtli has been settled (^ 30) to be that of liAing a 
weightof 186jdtba. witha velocity of 3id feet per sec- 
ond for a day s work of eight hours' duration. Thia 
application of force will move a much greater weight 
along a horiziintal plane, for the resistance ia no 
longer the weight itself, but the friction produced by 
the pressure of the weight upon the plane over which 
it is moved. 

151. This friction may be diminished by causing 
the body which is to be drawn to roll instead of sli- 
ding ; by laying the body upon rollers ; and, finally, 
by placing the body upon a wheel carriage. The 
latter method poaseases advantages in respect to 
draught, growing out of two causes : 

(1.) The friction of a well-polished axle is no more 
than I'l-th of the pressure to which it is aubjected. 

(2.) The wheel ia caused to turn oroutid by the 
friction of its circumference upon the track. The 
place where these touch may therefore be taken as 
the point of application of the force, and a mechani- 
cal advantage is thus gained, upon the principle of 
the lever, in the ratio of the radius of the wheel to 
the radius of its axle. 



The actual advantage gnioed upon the best foada 
sod with the most perfect carriages, does nut ob.'ea 
SJWeed HUB tweuLieth pari of tliia, oad it is usual to 
slate the force of n horse, in drawiug a corrisfe upon 
(he beet le.vel road, M no mure th&u 20 cwt. of e& 
oient load, upon a carritige weighing 10 cwt> Tin 
rea^ns of this vast discrepance are -. 

{I.) The friction of axles, iu practice on a. largv 
■cale, is greater than that inferred ttoia ci;{>eriiiicutf 
on a small scale. 

(3.) Beaides Lbe friction upon the axle of the 
wtvB^i * sliding friction laLcos place beltreea &e hob 
af (he wheel and the sltouLder o[ the ai^ oa the out 
band, or tiie linchpin on the other. 

(3.) A friction lakes place between ths bcM 4f 
tfap wheel luid the materials of the road. 

l(4.) Inequalities on the road are coutisually dig, 
tutJui^ the regularity of the progressive motioo, aad 
^troyiag the motioo previously oomoiuoicated W 
tbe carnage. 

The effect of the last cause wiU be belter undeF' 
Hood when we consider thai, when the carriage ia first 
iBt in motion, it must derive from tlie prime movor 
4 quantity of motion which may be estimated by the 
juoduct of the measure of the resistance into the ve. 
Ip^ty. This impulse having been once given, the 
tsjririage would tend to go ou in a straight lino witfa 
a imiform velocity. If, then, the motion on the road 
Vere truly in a straight luie, no other force would be 
necessary tlioji as much as would equal the friction. 
But ilr from inequahtiea in the road, the velocity 
i/e checked at irregular intervals, and the wheels be 
^twod to deviate from their proper course, the prima 
mover must not only overcome the friction, but io> 
atOTQ the quantity of motion lost from this cause. 

M3 
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chanical advantage which wheels possess, it tnigtit be 
inferred that, with a given diameter of axte, the great' 
cr the diameter of the wheel the better. This is the 
ca*e, whether we consider their effect in overcomittg 
friction, in surmounting obstacles, or in depressing 
them. If, however, the obstacle is to be removed, 
the less the diameter of the wheel the better ; but it 
rarely happens that this kind of action is to be desired. 
The height of the wheel is, however, limited by the 
direction of the draught. 

A horse may be considered as exerting his drau^ 
very nearly in the direction of his traces, or in a iine 
drawn from a point in liis breast to the axis of llw 
wheel. When this line ia horizontal, the whole of 
the force is applied to draught ; when the draught !■ 
directed upward from the aile, a part of the force of 
the horse is wasted in an attempt to lift a part of the 
weight of the carriage ; and when the axle is hi^wr 
than the horse's breast, a part of his force is exerted 
in producing a pressure upon the axle, by which (to 
friction is increased. It is, however, said that, tipoD 
a smooth and level road, the mechanical advantage 
gained hy an increased diameter of the wheel ia bt 
a lime greater than the loss by the increased tna- 
tion ; and that wheels, whose axle is a little higher 
than the breast of the horse, have l)cen used wiA 
success. In all usual cases, an axle a little lower 
than the point in the collar to which the traces an 
attached ia most advantageous. This ia more paN 
ticularly Ihe case on hilly roads, where, in riMii^a 
part of the force must be applied to overcome tlH 
gravity of the load, and in descending, its spontane* 
OUi velocity is to be checked. A carriage with IM 
wheoti is also less liable to be upset. 

IBS. A horse, in drawing, leans forward uponte' 
collar, and would fall were the resistance to w m4- 
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dcoly removed. He Aerefore acts not only by hia 
muscular force, but alao by his weight. For thii 
KBson, in drawing heavy loads, horses of a large 
breed are found more valuable than smaller ones, 
even of equal muscular airength. For agricultural 
purposea, and for tranaponation on turnpike roads, 
it is unwise to substitute, as has been done in the 
Stale of New-Tork, the blood horse for that of Flan- 

K. From this error the Esopus breed of horses, 
one of the moat valuable known, has nearly become 
eiliDct. Blood horses, on the other hand, are belter 
Ibr iTBTelUDg with speed, and arc considered to pos- 
KM greater powers of endurance. They also are 
c^aUe of recovering their strength adcr a degree 
of exhaustion which would be fatal to most other 
ncefl. 

Their superiority in the latter respect over our 
American races is not. however, so great as has been 
generally imagined. Pennsylvania possesses a breed 
of horses, said to be originally derived from that of 
Esopus, but improved by crossing with those of Han> 
ater and Lancashire, which sustains extremes of cold 
far better than the blood horse, those of heat equally 
*eU, and which has great powers of endurance. 
These horses, when used upon the road, are rarely 
sheltered, and may be seen sleeping upon the snow 
in the streets of Philadelphia in the coldest weather. 
As a proof of their powers of enduring fetigue, we 
have it on the authority of a general officer of great 
distinction, thai five hundred young horses of this 

ed were purchased for the purpos&of draught and 

imting flying artillery at the commencement of 
the late war with Great Britain, and that, at the end 
cf the year, not a single horse had been lost from any 
' er cause than wounds received in action, although 
(he aBmoe bad been one of extreme fatigue. 




For the same reason thai Ibo heavy horse is beat 
adapted to ogrioultural la.bour, o.\en have becD fouoj 
of great value in all cases where a small velocity a 
sufficient. Thia aaimal, ))owever, has less power of 
recovery from fatigue jhan the liorse, and this poyrer 
is exhausted ai\er its full growth has heca reached- 
It baa therefore been recorameuded, that oiten bo 
worked no longer than they conldnue to growr Onj 
be then &ttened for slak^hter. 

The power of a horse in draught is not onlv aided 
by his own weight, hut may be increased wlien he 
is loaded with on extrinsic weight. For this reasofl^ 
a horse wiU draw mure in a carriage wilh two ibaa 
in one with four whecjs ; for, ij) llie former COae, i 
part of the weight presses on his back. It is ^vepf 
practice with the drivers of carls, when a horse meeU 
an obslflcle over which ho conuol force the whe^ to 
iQDuiit upon his back, and the obstticlo nnay in ihiy 
case he surmounted. 

Upon ihis principle »e may pxplajo a fact long rSf 
mailed in the artillery service of Europe, nam^lji 
that the horses which are ridden by the drivers an, 
always in the best order, and ar« more capable of 
enduring fatigue. The some fact has been remarkE^ 
in posting on tlic coatinpjit of Europe, where t^ 
horse mounted by the postjlljoii is always found tQ 
bo fattest. This observation, however, is not Into 
on the postroads of England, owing to the diiferpjicf 
in the character of tiie roads. Jp the latter cojinUy 
the roads arc so good that the strength of the hora^ 
i| rather applied to obtain velocity than to over«oin/a 
friction ; and in this case a load is disad vantage oU3i 

151. The advantage of carriages with two whealf 
Cflasos vhen Ihe weight is so great oe to icquiia 
nioro than one horae for its draught ; for it is 1^ ai) 
rneans e{isy or convenient to atlacli 
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Igcsea to a two.wheeled carriage in such a manner 
that each shall bear an equal part of the weighL 
This has indeed been attempted in the agricultural 
carriages of Flandcra, which are ol\cn of the form 
oTa curricle. Such carriages, however, can only be 

hjloyed in a level country. 
n order to extend the advantages uf two-wheeled 
k Mrriagea, horses have been occasionally ao trained 
thai a single driver can manage live or six carls. 
This is done by the farmers of Scotland, who boast 
nach of the superiority of this method, and of Iho 

rl construction of their carts. The cart used in 
city of New- York is, however, fully equal to thai 
at the Scotch agriculturists, and is superior in most 
respects to the drays used in Philadelphia and Balti> 
more, ftnd to the trucks of the eastern cities. 

Carts are also advantageously used when tha 
drivers can be employed in loading them, as, for in- 
■Unce, in removing earth for regulating streets, >ind 
in excavation and embankment for railroads and ca. 
mis. The facility with which they are unloaded 
•Ik gives them great advantages in such cases. 

155. In applying more than a single horae tii 
draught, they ought to be harnessed in pairs, and not 
lautem. In the latter case, the wheel-horse is ex- 
posed to much additional fatigue. When harnessed 
abFeoHt, no more than two can be conveniently thus 
placed, as the inner horses will bo distressed by the 
prenure of the others. 

In the transportation of heavy weights for great 
diitaoces, wagons drawn by four, six, or eight horses, 
huneased in pairs and driven by one person, are 
WM advantageous. 

15B. In wagons and other four-wheeled carriages, 
ihe fbre-wheels are made jf less diameter that ' 




Xiji PRACTICAL XfiCUjtMCS. 

Others, in order that they may paaa beneath Ibt 
perch in turning. For all other reasons, such diSek 
ence is objectionable. The defect of the smaJier 
wheels may be remedied, in some degree, by loading 
them with a proportion of the weight, as much lest 
than that borne by the hinder wheels as the diameter 
of the one is les3 than that of the other, 

157> It ia important, in harnessing hurae«abnub 
that they should be exactly matched in gait. £qwd- 
ity of strctiglh would also be of great value, were it 
not that it is possible, by placing the fulcrum of iIh 
bar on which they draw, at a distance from the pointi 
to which the awivel-trecs are attached, invorselypn- 

Eortioned tothe respective strengths of the harseS|tp 
ring them to a condilion of equality. 
156. The spokes of wheels are not situated inoo 
a plane sur&ce, but are usually adapted to the M)b 
and fellies in such manner as to lie in (he sur&ceof 
a cone of small altitude. Wheels of this figure in 
said to be dishing. As roads have an inclined of 
aurved section, this method isof\enadvantBgeou3,ifr 
asmuch as the spoke on which the greater part of ih 
weight rests will be in its position of greatest si 
when the action upon it is moat intense. Th* 
are also usually inclined downwaj'd from their 
ders. This construction was probably adopti 
the same object as the dishing wheel, but majT 
said to be objectionable for every reason. 

159. In carriages loaded with heavy weights, tte 
lage of the w^els should ibe broad. Nothing is lol 
by this construction, even upon hard and stnooA 
roads, for the friction does not jncrcase with the auc- 
lace within the limits to which the breadth of wiiedi 
are restricted. In soft roads and those cut iiito de«p 
rats, broad wheels possess a manifest advoiita^. 
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Cirriagefl with broad wheels also, so far from inj ■ 
iteg roads, tend to maintain ihcm in repair. 

bi'Bnglaiid, in spiteof the opposition of wagoners, 
tbe wheels of heavy wagons abe reqnired by law to 
hfb B. breadth of fourteen inchE?s, and this regula- 
tion has not only lessened the cost of kei?ping roada 
in repair, but is at length admitted to have a direct 
tenfticiul influence u[H>a the profits of the wagoners 



160. Springs, which were originally introduced 
toerely for the cose of persons conveyed in carriages, 
ue round to give to horses the power of conveying' 
heavier loads than they otherwise could. In produ- 
eiiig this effect, they permit the weight of the load 
supported by them to act upon the same principki 
that a fly-wbeel docs ($17). 

161. Theroads'upon'which'wheel-CtttHages tntvcl 
onght to be bS' smooth add equable aspossftle, in or- 
der that less effort may be necessary to continue the 
metion ai'a'giveO' velocity. They ought' also to be 
hard, in order thttl the wheels may not penetrate and 
fomi ruts. On the otfier hand, too hard a material is 
apl lo injute the feet of the horses, which are rapidly 
destroyed upon a stone road. In spite of the latter 
objection, atone broken intd fragments is the mostfa- 
MAtite material for road^making. In this forrti it is 
kffDttn by the name of metal. The sione used for 
tl(B purpose should not be liable lo deconlposilion by 
lIlKweMther, nor to be readily ground to powder. 
A compact limestone is, perhaps, for a combination 
of BittvnntageB, the best road.metal. The largest' 
Mgmenta of stone should not exeeed six ounces in 
tnlght, or they may be regulated bypassing thert 
through a ring two and a half inches in diameter. 

A native gravel, whose fragments are not liable to ' 
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decMnpoaition or too rapid a wear, is lite aext beal 
omterial for roads, and there are cases Id which il it 
preferable, particularly when it has the properly of 
binding, or unitiog into a continuous laasa. When 
gravel ia employed, the largest fragments should Mt 
exceed one inch in diameter. 

These materials may be laid upon any firm soil 
aRcr it has beea dressed to a proper figure. In pel- 
forming this operation, afler removing the vegetaiile 
mould, the natural earth should be as iitile disturbed 
OS possible, for earth recently moved is increaaed In 
hulk about one ninth. This increase will graduallj 
bo lost by the settling of the earth, but so much oftt 
as is within reach of the frost will be disturbed at 
each change of season. For this reason, the use of 
the plough, which is so favourite an instrument in 
making and repairing the roads of the United Slate), 
is altogether objectionable. If embankments are ne- 
cessary, they must be allowed to settle before the 
road-metal is laid upon them. It is better, except 
vhere the soil of the ground in which the road ia lo 
be formed is itself gravel, to niake the cross secliw 
of the surface of the ground on which the road ia to 
be laid a level line, and to give the road its proper 
figure by the distribution of the materiaL 

The average thickness of the road-metal on & ae' 
road need not exceed six inches, for it is better to 
reserve any greater quantity for repairs, and partic- 
ularly for filling up ruts as oflen as they are formed, 
than to lay it on at first. The metal ought to be laid 
on without any attempt at arrangement, in order ihst 
the pieces of difierent sizes maybe mixed indiscrini* 
inately. In this country it has been usual to put 
upon roada as much as three or four feet of broken 
atone ; but this involvea a useless expense. It hv 
also been usual to admit of stones of large size, and. 
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in order to nimedy ihe defects vf suclt ma3BCB,.b> 
wver theni with gravel udJ sand. In cases wheM 
gravel uIodc baa been used, it has been carefully 
MTted) so tbst the layers should be composed of peti- 
Ues decreoabg la size from the foundation upwurd. 
This method not only involves a large expense, but 
is vicioua, inasmuch as the heaving of the road when 
yntf and particularly in alternations of frost and 
Ab-w, will inlallibly bring the largest pebbles or 
fiapnents of stone to the suriace. This rule, how- 
BTWf does not apply where the larger fragments are 
DOited by mutual pressure into the form of a pave< 
ment. 

Upon son ground, as in mcadaws or rich alluvial 
mils, paved roads are the cheapest, and they are in oil 
cases the most durable. They, therefore, are univer- 
sally used in cities ; and upon the Continent of Bu. 
rope, nearly all the great roads are paved. The host 
of all roads are probably those constructed in England 
open the plan of Telford. These roads have for their 
basis a pavement of rolled pebbles laid in coarse sand. 
The larger axes of these pebbles are placed upri^t, 
and if either end be more pointed than the other, the 
^rper end is set uppermost. The slonee of least 
dimensions are laid near the aides of the road, so that 
» convex form, where required, may be given by the 
prominent points. The intervals between the stones 
are filled up with road-metal, and the whole covered 
with that material or gravel to the depth of four 
inches. 

Of the different rooks, those are to be chosen for 
load-metal which are not liable to decomposition or 
desquamation. Compact limestone always possesses 
this property, and is among the best of n 
Some of the greenstones and granttes, a: 
gneiss, are also well adapted to the purpose. 
N 
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rocks withtD our own reach, a graywackc, which ia': 
abundant on the banks of the Hudson below Albany, 
is an excellent material; the greenstone of the outer 
ridge of the Palisades, which begins at Weehawken, 
is too liable to decompoaitioii, as ia tlie Jersey sand' 
stone ; but the greenstone of Bergen and Newark 
mountain is desirable. The mica slate of our island 
is very easily decomposed, and too soft. Of pebbles, 
an escellent variety, principally quartz, is found in 
Monmouth county, New-Jersey, where, although ob. 
tained from a decomposing conglomerate, it is known 
as sea-beach gravel. 

163. The leost breadth of the carriage-way of a 
n^ad should admit of the passage of two carriages, oe 
be 15 feet. It may not be necessary to pave, or form 
of metal, more than half of this breadth, except at in- 
tervals of about 100 feel, where the whole breadth 
should be properly laid, in order that carriages may 
pass each other when the road is aifected by thaw 
and frost. On much-frequented roads, the breadth 
should be 30 feet, so as to admit four carriageB 
abreast ; no more than half of thia, aay the miMo 
portion, need be constructed on Telford's plan, or 
even laid with metal, except in the immediate vicin. 
ity of large cities ; and in the latter case the road 
ought to be 45 feet in width. 

Besides the carriage-way and ditches, all roads 
ought to have a path on one, if not on both sides, 
for fool -passengers ; this should be laid with gravel. 
It is to be regretted that this rule, so important for 
the public convenience, is wholly neglected in thia 
country. 

163. The cross section of a road must, on the 
one hand, be of such a character as will permit 
the surface water to run over it to a ditch on the 
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side. On the other hand, thia slope must nol be 
steep in o-iiy part, atherwiae carriages may be exposed 
to the ditnger of upsetting, and the lateral friction, 
whether uf the follies or cit' the axles, will be much 
increased. On roads where there are geDtle slopes 
of small inclination, the cross section of the surface 
might be a level line, were it not that the road would 
be liable to be washed. A road is also liable to in- 
jury from the latter cause, if the curve of its cross 
section rise too rapidly from the viciiiity of the ditch. 

It is usual to make the cross section of roads a 
convex curve, not dltTcring much from a circular arc ; 
but this ligure is disadvantageous in almost any 
case, and is in aome wholly inadmissible, 

164. There are three principal cases in the deter- 
mination of the figure to be given to the cross aec- 
lion of roads ; 

(1.) When a road nearly level liea on ground 
which ia level in the direction of the cross section. 
In thia case a ditch is to be formed on each side of 
tbe carriage-way, whence the metal should be laid so 
M> to form two planes of equal inclination, rising 
from the ditches towards the middle of the rood, 
where the two planes arc to be united by a gentle 

The inclination of these planes must not exceed 
1 foot in SO, or cause a diiTerence of level between 
the crown and the edge of tlie ditch of more than 9 
inches in a road of 30 feet in breadth. In narrower 
roads, the inclination is to be the same, and the dif. 
ference in level diminished in proportion to the di- 
minished breadth, 

(2,) On side-lying ground, the cross section of the 
road should be a line of uniform inclination of n 
more than 1 foot in 20 from the outer e 
road towards the higher ground ; and there s. 
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be but one ditch, lying between the road and thorisS 
of the hill. 

(3.) In a hollow.way the road must be inclined in 
the direction of its ieng'lh, and it is generally bettor 
to have but a single ditch, formed in the middle of 
the road, towards which it is inclined equally on each 
side. 

Where ft road lies between two ditches, as in the 
first of the three cases, the two inclined surfaces, eveo 
if permitted to meet at an edge, will be speedily uni- 
ted, by.the action of the carriages which travel it, by 
a continuous curve. But roads having for tbdr 
transverse section a convex curve are in all casei 
objectionable, and nre to be absolutely excluded « 
side-lying ground and in hollow-ways. In ourcOUB- 
try, from a misapprehension of the meaning of tin 
word turnpike, no other mode of forming roads bu 
been usually practised than to heap them up in the 
middle by the plough and scraper. The conni 
curve, thus formed is produced with increasng ie- 
clivity, to the very bottom of the ditch. 

Such roads have too little inclination at the cronoi 
where water lodges and nits are formed. Thef 
compel the carriages to confine themselves to tte 
ridge, by which the wear is restricted to a nanof 
track ; they cause danger to loaded carrieiges bI. 
tempting to pass each other, except on the wideit 
roads, and, by the increase of the lateral friction, mft- 
terialiy diminish the loads which can be drawn b;^a 
given force. In some of the roads in the Uniwi 
States, although wide enough for four carriages, it is 
unsafe to attempt to pass one which occupies the 
crown of the road. 

The scraper, by bringing to the summit of the roii 
the matter which has been washed into the ditcbeii 
replaces the worst paiV ot v\ie maVeTiai Sxt. & tkteno- 
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rated sialei and it may bo c^uestioned whether it be 
passible that wb shall ever have good rouda ia this 
country until this instrument he abandaaed. Ia. 
Stead of employing it to replace the soft matter froni 
the ditches, that ought to be carefully removud from 
the road altogether, the wear of the road should bu 
replaced by fresh metal, and the ruta filled up with 
the same. A single cart and driver, coatiaually em- 
ployed in carting gravel, will keep miles of country 
road in good order. 

166. It is an excellent plan to pave the ditches of 
roads, and particularly with flag stonea when they 
can be procured. The water which collects in these 
diichea must be carrisd off from lime to time by cut« 
through the footpath or bank of the ditch, and in 
some cases it becomes necessary to pass this water 
beneath the road by means of culverts. These are 
always necessary upon side.lying ground, where it ia 
particularly important that no large stream of water 
■ball form, and where the water is thrown by the 
aoaa alope of the road towards the rise of the hill, a 
jfoBrtioD whence it cannot escape except by a culvert, 
Sir by forming a rapid stream upon the surface of the 

166. The best of all roads for rapid summer Irav- 
«lliiig is composed of a native gravel of auch char- 
kcter as to bind, although this substance is far from 
durable under the action of heavy carriages. This 
may be known in its own beds by the difficulty with 
which it ia excavated. Such gravel can be found in 
almost all countries, except those which arc wholly 
composed of soft alluviuin. It also forma the best 
iuia for a pared road. Whenever it can be ob. 
taioed conveniently, the loose superficial matter 
be removed to a depth of sis inchi 
N2 
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by a bed of such gravel of the thickness of a foot. 
Dpon the middle of thia to the breadth of 15 feet in 
a great road, or of TJ in a by. road, a double or ain. 
gie way of broken stone, or of pavement covered 
with broken stone, is to be constructed, and the slope 
each way, from this to the ditch left in the excava- 
tion, completed with the gravel. In this way a good 
summer, and also a good winter road will be united. 
When the soil is a native gravel, the construction of 
the road may be effected by the plough and scraper ( 
and this is the only ca^ in which they should be 
used, except for removing the vegetable mould, and 
for levelling where embankments are indispensable. 
These implements arc of great value, but may be 
productive of injury in the hands of ignorant pel- 
sons, who disturb unnecessarily the foundation of the 
road. 

Except when the basis of the road is a pavement, 
a heavy roller may be used to great advantage ia 
compressing the matcriEUa and causing them to biiuli 

167. The slope of roads in the longitudinal diruc* 
tion depends in some degree upon the nature of the 
country, but it is generally possible, by a small io* 
crease in their measured lengih, to obtain such a 
slope as may be most advantageous for travelling 
upon them. This slope may be best determined by 
ascertaining at which inclination a carriage will be 
supported upon the road by friction. Experiments 
make the friction vary between ^'^th and-jfjlh of the 
weight ; and on well-laid pavements, such as we 
shall hereafter speak of, it has been reduced as low 
as jV^'"' I' will, in all ordinary cases, be suffioient 
for practical purposes to take the friction at j^th of 
tile weight ; and if a road be laid out with a slope of 
1 foot in 40, or making an angle of IJ" with the ho- 
rizon, it will be under advantageous circumstances. 
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for ihere will be little need of (limiiiishing the load a 
horae is employed to draw upon it ; and he may, if 
ippiied to otataia speed, move with equal freedom in 
diner direction. 

Any greater inclination is to be avoided ; for llie 
force of the horse mnsl, at such inclination, be ap- 
plied not only to overcome the friction, hut to liil a 
part of the weight. The strength of a horse, also, 
i) much diminished by moving on any other surface 
Ihan a plane nearly level ; and at an inclination of 
15° he ceases to be able to move even his own weight 
upward, atid falls in descending. In reducing the 
>tapea of roads lo the above limit of ^^th, it is usual, 
ly more economic to do !t by making the road curve 
so as to adapt itself to the ground, than lo attempt 
to make it straight bycutting and tilling. As a gen- 
eral rule, then, a straight tine is to be avoided for a 
road, except in a coimtry absolutely level, or with a 
UDtform slope in one direction, neither of which usu. 
rUjt occur in practice. By making a road curve in 
inni a manner as to secure the requisite slope, the 
flSbctive length need seldom be much increased, nay^ 
MiMcy often be lessened ; for the true distance by a 
Kna ia not its length as it would be projected on a 
ttfp, or measured in horizontal lines through the air, 
hut will be determined by the number of turns a 
vlieel must make in passing over it. A road which 
ti continually bending on each side of its mean di. 
netion, in order lo pass nearly level over an undule. 
tiag surface, is not only the easiest for rapid travel- 
Ibg and for the transportation of heavy loads, but ia 
Su more agreeable to the traveller from the variety 
OfKBnery it fiirniahes. The practice of the earll 
Mttlersinour country led to the choice of such lot 
lions for their roads, and it was an unlucky circuma 
itanoG when the belief that a straight road 
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the shortest, kd lo the abandcming of many of the aiu 
ciGDt routes. Our turnpikes are, io general, ill laid 
out, from lis having been adopted as a principle that 
a road should be straight proviiied the slopes upon it 
did pot exceed 5°. This rule vaa borrowed from 
the extreme slope allowed in the road of the Simploiii 
and thus i[ has happened that many roads in districts 
whose mean surface is level, and in which a level 
road might have been laid out, are continually rising 
and falling, at an angle which was only tolerated in 
crossing a range of mountains of more than double 
the height of any in the United States. 

To compare together straight and curved roods in 
an undulating country, we shall assume a case. If 
the geographical distance between two points in adi- 
rect line be twelve miles, and if a straight road be* 
tween them can only be constructed by means of 
slopes of 5°, while a level road may be made by in- 
creasing the distance to thirteen miles, a wheel will 
make the same number of turns on both roads, and 
their efficient length will be actually the same. But 
they are far from equality in other respects. On the 
level road, a horse before a light carriage may trot 
the whole distance, while on the inclined road he 
must walk, unless the dangerous practice be adopted 
of galloping down the hills. On the level road tho. 
horse will draw the maximum load, say 35 cwt., 
while on the inclined road he will not draw more 
than half that weight. On the other hand, allhougli 
a road may be curved with advantage, it must not 
change its direction suddenly, and no curve should 
be admitted of a less radius tlian 100 feet. 

168. In conformity with the foregoing principles, 
the following rules may be adopted for laying out 
new lines of road : 

(1.) Between two points of nearly the same level. 
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and in mn undukting country, a route is to be sought, 
which, it' not acttmlly level, ehatl admit of no slupc 
greater than ^j'gtli ; and it will be more economic to 
do this by curving the road upon the natural surface, 
than to attempt to level it by excsvation and em. 
. bankmentforthe purpose of oblaioiug a straight road. 

(2.) Between two points at diflfereot levels, a route 
b to be sought which will give u uniiiirrn slope from 
oue point to the other ; or, in oilier words, the ruad, 
when developed, should bo a. plane of constant incli- 
nation. This inclination, -escept in extreme cases, 
us in ascending or descending abrupt and continuous 
ranges of mountains, must not exceed j\t\\. 

(8.) When a ridge intervenes between the two 
points, the lowest accessible gap or break in the 
ridge is to bo souglrt, and the road must bo laid out 
from it in botli directions according to the foregoing 

It wU be eawly seen, that many of the turnpike 
Made in the United States ain against the foregoing 
nfea ; they are, besides, defective from a badly cho- 
■ea figure for the transverse section, and from the 
krge size of part of the material which has been 
lued. Although the latter may have originally been 
placed beneath, it liaa in all cases made its appear- 
ance at the surfiice. The narrow wheels which are 
permitted in carriages carrying heavy weights, are 
dso continually cutting our most froijuenlcd roads 
into deep ruts, and the prejudices of wagoners seetn 
lo preclude any hope of excluding this cause of con- 
tinual destruction. 

Taking all things into account, we are compelled 
lo admit, that, with very few exceptions, the roods of 
the United States, when considered in respect 
their cost, the general facilities of obtaining good n 
leriata, and the small elevation of much of oi 




154 PRACTICAL 1IBCHANIC8. 

nent, are die worst in the worlJ. From tbis gener> 
aJ rule there are, no doubt, uxceptioas, and these ars 
more usually in the most dilEcult poaitioas, where 
native geaiua has ihrowD ofi* the false rules wh' ' 

■i been imposed. Some of our road-makers, as, 
uurance, the peraoo who originally laid out the na- 
tional road from Cumberlaad, seem to have been 
opinion that 5' wa<9 not a maximum, admissible onl; 
in aa extreme case, but that such a slope was la h 
sought in at) cases. 

A mast mistaken notion has been entertained by 
road-makers, namely, that a horse, by exercising 
difTerent muscles in rising and descending, Ira?di 
with less fatigue upon an undulating road, llua ii 
denied by phyaiologisis ; and, even were it true, tin 
diminution of load or of speed would far more ibu 
compensate any gain in the number of hours the tui- 
imal could work per da^. 

Among the best specimens of laying out roadi 
which we have seen, are : 1st. One in Scotland, be- 
tween Dumfries and Castle Sluart. The geogrtplu 
it^al distance between these places is sixteeo miieii 
and the road measures twenty miles. By this in- 
crease the slopes have been reduced to 1 foot in lODi 
with the exception of two at the summit of the liiff, 
where they do not exceed 1 foot in 40. 2d. Oneb 
Putnam county, New- York, leading eastward fiw 
Cold Spring. 3d. The road laid out by Mr. Crozel, 
from Winchester. Va., to the South Branch of (he 
Potomac. 4lh. The new line of the national lond, 
from Cumberland westward. 

169. Pavements are not only advantageous Si a 
basis for roads, but are absolutely necessary in the 
■treets of cities. Any other earthy material wean 
too rapidly to bear the continued traffic, gives liie 
to much dust, and becoming mixed with filth, pre- 
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Tents the streets from being properly cleansed. Such 

EBvements are, in our country, made of rolled peb- 
iea. These ha.ve the advantage of forming a dura- 
ble road, and one which may be easily kept clean. 
It is, however, disagreeable in the motion it gives (a 
carriages, and is not as easy to draught as a well, 
made gravel or Macadamized road. 

The pavements of London and Paris are made of 
cubical or rectangular blocks of hammered stone ; in 
tiie first city, of granite, in the second, of the silicioua 
Itmestone of Fontainebleau. These are laid in cour- 
■e* across the street, and ao as to break joint in the 
directioa of its length. Such pavements also causa 
k lUsagreeable motion in carriages, and continually 
oheek their motion at the joints. 

Id the streets of Pisa, in Italy, the best form of 
atOBB pavement which bos yet been planned was ori- 
^mlly introduced. The street is divided into spaces 
corresponding to the breadth of a. carriage. In each 
of these, ranges of blocks of sione are laid length- 
Wise, at distances fitted to receive the wheels of a 
carriage. The space between them is filled with a 
pavement of rounded pebbles. Thus the horse has a 
firm foothold, while the resistances are materially 
diminished. This method has been imitated Id Mi. 
Ian and other Italian cities ; it has also been copied 
on the Radcliffc Highway. London, 

Pavements are usually laid in coarse sand, upon a 
M of gravel. It would, however, be better to lay 
tbem in water cement, by the aid of which they 
would become almost everlasting. Such was the 
method used by the Romans in their great military 
roads. Of these, parts of the Appian Way remain 
almost perfect, after a lapse of more than twenty 
uriea. This road has for its basis a bed of oe- 
t mixed with chip stone. This is covered will^ ' _ 
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a secund bed of cement, mixed with email pi^bles, 
wbich admits the stones to be bedded until their up<. 
per surfaces are of the same height, and yet yields 
them a firm support. The atones are polygonal 
massea, obtaiocd from the columnar rocks of neigh- 
bouring volcanic forciHitioDS, and are chosen in such 
manner as to fit each other as closely as possible. 

170. A wooden pavement, formed of blocks of 
wood of the shape of a six-sided prism, has beeni 
used for ages in Russia, and has recently been inlnV' 
duced, in an improved form, in some of the streets of 
tile city of New-York. These blocks are laid in 
Buoh n)ftnner that the wear takes place on the end 
grain of the timber, and, so far as wear by CBrriages, 
eaae of transportation, and cleanliness are conceni> 
ed, has given universal salisfaction. 

The last-rneolloned metliod might be practised 
in those parts of the United Statos which are still 
covered with forests to great advantage. In these 
districts, roads formed of logs laid across the road 
are much used ; and, where sawmills can be erect- 
ed, the preparation of blocks for the purpose could 
not be attended with great expense. Roads com- 
posed of round logs, although rendered necessary is 
the soU soils which are frequent in forests, ar« tiie 
most disagreeable of any to the traveller, and do not 
admit of horses drawing a full load. The objection 
to tiie pavement with wooden blocks is its compara- 
tive want of durability. The timber is under cir- 
cumstances the least favourable to its preserratioDi 
and it has, in consequence, been found necessaiy, in 
the experiments which have been made in Ne*- 
York, to replace many of the blocks annually. Th* 
ol^cction may, however, be obviated, by saturatiog 
,the wood by a process recently invented, whii^ 
promises to render the duration of wood indefmile- 
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The substance with which tho wood is saturated in 
this process is coal-tar, or native bitumen. 

171. A material called asphaltc or asphaltum, but 
which is properly a peculiar kind of bituminous lime- 
stone, has recently been introduced in France. This 
substance is reduced to powder, and mixed with a 
(iised bituminous substance. The liquid mixture 
may be mingled with a considerable quantity of 
gravel, in which case it is used for sidewalks, or with 
road-metal if intended^ for carriage-ways. For the 
first object there is no doubt of its success, if it can 
bs aflbrded at a sufficiently low price ; for the latter 
Mirpo«e its value has not been sufficiently tested. 

O 
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172. Thb want of contiouity in the motion of a 
wheel carriage, the lateral friction upon the road, 
and that arising from penetration in soft materials, 
may all be obviated by causing the wheels to move 
upon parallel bars laid Id the direction of the road. 
In this way also it is possible to improve the struc- 
ture of the carriage, and give it greater nicety of 
workmanship. 

Railroads were first introduced in the mines of 
Durham county, England, and took their rise grud* 
ually, from accidental causes, It had been usual to 
lay parallel rails in mines, on which carriages with 
two wheels were moved by men. In the great works 
which these mines required, the galleries were en> 
larged, until carriages drawn by horses were aubati- 
tuted, It was now found thai a horse could draw 
much more in a cart moving upon rails than he could 
upon a common road. The rails were, in conse- 
quence, estended from the mines to the wharves at 
which the coal is shipped. The rails in this early 
instrince were made of wood, a llanch was applied 
to them to prevent the wheels of the cart from slip, 
ping off" the rail. In order to lessen the wear of the 
wood, the rail was covered with a plale of wrought 
iron. In this state railroads remained for a centu- 
ry, and were confined to the district in which they 
, <WGre originally introduced. 

Ai timber became scarce, and the price of cast 
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iroD became low ia England, the latter material woa 
Bubstiiuied for ihe former. The rails were cast in 
leogihs of about three feet, with a Hanch on ihu in. 
Der side, and were supported at thuir juoctions on 
pillars or blocks of stone. In this form the wuy was 
called a tram-road. Originally intended for the use 
of common carriages, it was soon discovered tliat 
carriages expressly constructed for the purpose were 
more adrantageous. In these, as there was no ne. 
Aessily for turning, the wheals were all made of equal 
bdghts ; as there was no difference in the height of 
the roils on opposite sides of the road, the wheels 
were not made to dish, the axle-tree was made 
straight from end to end, and was made to revolve 
with the wheel. In these tram-roads, the quantity 
of weight moved by a horse was increased fivefold. 

The next improvement consisted in removing the 
flaoch from the rail, and placing it on the inner aide 
of the tire of the wheel, The surface of the rail 
Was DOW rounded, either throughout its whole upper 
nrikce or at the edges. Wrought iron, which can 
1w obtained in a straight form for several yards to- 
gether, was substituted for cast iron, whose length in a 
stroight piece is limited. The most customary form 
of [his description, the edge rail, has a section of the 
figure T, and, when curves are frequent in the road, 
the shape of an S was employed. In the United 
States, rails of wood, merely faced with iron, were 
adopted in consequence of the cheapness of the 
method. 

173. Ailer the experience of some years, it seems 
to be universally admitted that this combination of 
materials forms the best railroads. The elasticity 
of the wood appears to act as a spring, yielding at 
first to the shock of the heavy weights which 
moved upon it, and then restoring itself. The 
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of this combiricil material is therefore less injoreil lij 
the traffic upon it, and the carriages which iraTel 
upon it last longer. Or all the forms of railroad, that 
which is composed of plates of iron laid on coniitiD. 
OU8 lines of stone is the worst, in consequence of ■ 
its possessing no elasticity whatever. Rails of wood 
are, however, liable to the important objection of wtnt 
of durability. It has been proposed to obviate tfiii 
by the process of Kyan, in which an insoluble coiB- 
pound is formed of corrosive sablimaie with the at. 
bumen of the wood. From experiments which « 
have witnessed, it appears that this combination onlj 
takes place at the mere surface of the wood, except 
at the ends, and here the peoetralion does not escew 
an eighth of an inch. It would therefore appefft 
probable, that this method, instead of pruanrviflg 
would rather hasten the decay of the heart of ihe 
wood. Under this impression, we should considfi 
the method already spoken of, by which wood rctj' 
be saturated throughout with bituminous matter, n 



The road, having been brought to the desired emit 
by cutting and filling, muat be allowed to consotidBM 
itself. The foundation for receiving the rails OiBJ 
either be composed of cross sleepers of wood, or of 
blocks of stone. If the ground be not sufGcienl^ 
firmi it may he rendered so by means of road-meni 
well rammed. The distance between the sleefett, 
and between the centres of the stone blocks, is amat 
ly throe feet. Wooden rails may be dropped taW 
notches cut in the sleepers ; and rails, whether rf 
wood or iron, are supported on the stone bkicks, tif 
means of clatnp.shnpcd pieces of cost iron calM 
chairs. Tho chairs arc bolted down to the stoflS 
blocks, and the rails are wedged to the chairs. In 
laying tlio rails, room muat bo left for their fflt- 
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pansioD by heat; and in fastening iron on wood by ' 
spikes, the countersunk holes through which tlu 
spikes pass ought lo be oblong, for the same rea- 
son. 

174. Upon a level railroad of iho best construo- 
lioD, with carriages of the most perfect finish, & 
horse-power is able to draw a load of about 22i tons. 
Under usual circumataacea lliis load is about 16 tons. 
Hie resistance to motioQ on a level railroad has 
therefore been reduced as low as jiirth, and may be 
laiely taken at jj|lh. We have seen that upon tha 
best common road it is never less than ^'^th, but ist 
b) most cases, as great as jV''* T^^f advantage of 
B good railroad over a common turnpike, when 
horses are employed, is therefore about 10 : 1. Oa 
the other hand, a horse draws in a boat on a canal 
ibirty tons ; atid in canals which admit boats that are 
drawQ by more than one horse, at the rale beat 
sdapted to the exertion of ihia kind of strength, the 
ireight drawn increases in a higher ratio than the 
number of horses attached to a single boat. When, 
therefore, horses are the prime mover employed, a 
canal has an advantage in the transportation of heavy 
goods over a railroad, in the ratio of at least 2 : 1, 

175. When speed is the object in view, as in the 
tranaportation of passengers and of valuable mer- 
chandise, the railroad bos the advantage over the ca- 
nal, even when horses are used as the moving power. 
Although aome recent experiments have shown that 
the resiatance to motion in fluids does not increase, 
at higher velocities, in a ratio near as great as has 
usually been stated, still it docs not appear certain 
that a speed greater thou ten miles an hour can be 
kept up upon a canal by the draught of horses. Oa 
the other band, horses have drawn cars loaded with' 

02 
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passengers, on the Camdea and AwAioy Rsili 
BD average rate of fifteen miles per hour. 

176. Railroads derive their greatest value froiu , 
the use of steam as the moving power. The iniro- 
duction of this ageat was attempted upon dtem at an 
early period in their history, birt the first esLperi- 
menis were unsuccessftil, and the engines traed fcr 
the purpose are, even at the present day, receiring 
comiaual improvements. Trevithick, who was the 
first to apply steam lo locomotion, made use of the 
very principle which is now successfully employed, 
but failed, partly in conaequenee of the impericd 
state of railroads at the time, and partly in cmw- 
quence of his not giving the principle all tlie exiui- 
gion of which it is capable. He, in &ct, made nN 
of no more than one fourth of the tractive power of 
which his engine was capable. 

177. Two principal methods have been propoud 
for the propulsion of carriages upon railroaoi I9 
means of steam, namely, stationary and loconwtiM 
engines. Stationary engines are set up in buiUiiig|l 
on the sidcs^ of the roada, and their action is convey- 
ed to the cars by means of ropes or chains. Tlw 
method is attended with many inconveniences, anJ 
has therefore never been used except for aurniHiiit- 
ing considerable changes of level within a shoil di>> 
tance ; and, even in this ease, the delay wbadl it 
tends their passage has led to the laying out of nSh 
roads in such manner as to avoid their use aa ^ U 
possible. 

178. In locomotive engines, after the abortureat 
tempt of Trevithick, an apparatus resembling in 
structure Ihe human leg was tried, but uosueeessABh, 
A more feaaiblo plan was that of afeptiag a BKt 
wheel, cut into teeth, to the ear, and eausilig-ft ti 
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ealcli into the teeth of a rack laid parsllcl la the rails. 
This method waa successfully used near Leeds, in 
Baglajid, for several years, in the iransportalion of 
ecuLl, and niigtit still be employed in cases where 
heavyweights arc to be moved with small velocities, 
or raised up steep incliuatioDs. On the other hand, 
[the continuity of motion is not preserved, and the 
, moat important advantage to be derived from the use 
iT(tf steam is excluded. The method which has now 
mperseded aU others is as follows : Two or more 
of tbe wheels of a carriage being made to revolve by 
m sngiae mounted upon it, the carriage will be car- 
ded forward in conaeiiuonco of the friction of these 
idieela upon the rails. Now, as has been shown, 
the least friction of the cars on a well -constructed 
cnlmad kaanotbeen fonud less than j4ir''^>^i>''^<'- 
mt be safety estimated under ordinary circumstfto- 
ces at less than g^g-''*- ^he locomotive engine is 
^^itker resisted by a friction growing out of the 
taRssnre of the train upon the axles of its wheels. 
EUb frktion is estimated at 1 lb. per ton. To these 
rsMBtances are to be added that of the air, amount- 
\fg, at a velocity of twenty feet per second, to nearly 
lib. on every square foot of tiie front of the leading 
Bftrriage. 

, To overcome these, we Itave the friction of iron 
lUpon iron at the points where the wheels touch the 
•aSL This friction is about <fths of the pressure, 
lut^asdost or other moveable substances may inter- 
vene, as the rail may be moistened with rain or dow, 
Ctt even coated wiih ice, the efficient adhesion cannot 
he saftly taken at much more than |th. Admitting 
Btisfroctionfor the measure oftheadhesion,and jj^th 
Bifthe measure of the resistances, a locomotive ought 
' " Be abie to drag after it any weight less than 33 
that which reals on the wheels which are driv- 
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en by the engine ; ami there are instancea in which 
an engine has drawn TiO limes its own weight. la 
practice, however, the ioad is usually limited to 25 
times the pressure which the locomotive exerts on the 
rails, when moving with a. velocity of ISJ miles per 
hour, and with sieam of the expansive force of 60 
. lbs. per inch. 

179. It is easy, by means of a crank, to cause tWo 
of the wheels of a locomotive engine lo revolve, and 
two others may be readily made to move with them 
by connecting rods. It is, however, bo difficult to 
give exactly the same diameter to all the wheels, that 
it baa been often found, thai of ihe two wheels united 
by a connecting rod, one alone was efficient, and 
hence it is usual to restrict the number of wheels 
driven by the engine to two. On this account, cur- 
ricle engines, in which the whole weight is carried 
on no more than two wheels, were at one time tried, 
but were not approved of. The mast efficient loco. 

' motive engines which are at present in use, rest upon 
six wheels. Two of these are much larger than the 
others, and are driven by the engine. In England, 
these wheels are placed between the others. Inthis 
country the four smail wheels are combined in a sin- 
gle frame under one end of the carriage, and the other 
end rests on the two large wheels. The first engine 
of the latter description was planned for the use of 
the Mohawk and Hudson Railroad, by Mr. J. B. 
Jervis, at that time chief engineer of timt work, as 
long since as 1826. 

180. A locomotive engine is in all cases propelled 
by steam of high pressure. The reasons which for- 
bid the use of the condensing engine have been sta- 
ted in § 119. The cylinder of the engine may be ei- 
ther horizontal or vertical, and in many cases haa 
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been placed in an inclined position Two cylinders 
are genornllv employed These not only serve lo 
adjust the weight more conveniently, but they may be 
gsared to cranks placed upon ihe same axle, at right 
angles to each other, and thus one will be at the mid- 
dle of its stroke, and therefore acting with its great. 
est intensity, at the time that the other is passing the 
u^itre. The motion will be rendered in [his way 
more equable. To the piston-rod of cdcli cylinder 
t coanecting rod is adapted, Which is applied at its 
other estremity to a crank on the axle of one of the 
pairs of wheels on which the engine is carried. This 
pair of wlieela is thus caused to revolve. 

An engine of the latest construction, with sii 
wheels, the two larger of which arc driven by a cyl- 
inder on each side of the boiler, is represented Pig. 
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181. As the resistance upon a railroad, under the 
most favourable circumstances, is jf^'^, and as it 
does Dot amount on any well -construe ted riulroad to 
more than jjjth, it follows that the greatest slope 
which can he admitted upon a road, without an in- 
creasB in the moving power, or a diminution in the 
load, is 1 foot in 200, or 26 feet per mile. Rail- 
roads, therefore, wherever economy in the, coat of 
transportation is the principal abject, are to bo laid 
out. in a scries of levels or slopes not exceeding jj-;. 
When (his mode of laying out the road is adopted, 
the several levels are luiilcd by inclined planes. 
When passengers are conveyed on such roads with 
gfeat velocities, the power of Clie engine, compared 
with its load, may he sufficient to enable it to sur. 
mount the planes with a diminished velocity. This 
method is applicable with certainty up to the limit of 
■j'jih, or 64 feet per mile, and some of our American 
engines have performed their task successfully on 
alopes of ^th. 

At greater inclinations, or when heavy loads are 
carried at small velocities, additional power may be 
required to ascend the planes. This may be fur- 
nished, either by a stationary, or by aa additional lo. 
comotive engine. Whenever the inclination of the 
plane exceeds jjth, it would be better to resort to 
stationary engines ; but as their use is a great cause 
of delay, engineers usually endeavour lo gfve a less 
slope to their inclined planes, and thus render them 
capable of being surmounted by a locomotive en. 
gine. 

Even a slope of 86 feet per mile cannot be over. 
come without a diminution in the velocity, and thia 
will begin to be distinctly obvious whenever the slope 
exceeds ^ij, or 13 feet per mile. 

The locomotives used for this purpose are he-vj 
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and all their wheels are caused to turn by the engine, 
in order that all iheir several adhesions may concur i 
in the effect. Engines constructed for this purpoao 
are called bank engines, and one is stationed at each 
inclined plane. 

183. When the greater part of the trade on a rail- 
road is in the descending direction, the loaded cars 
may be made lo draw up such as are empty. In the ^; 
latter case, it is necessary to ^ply meana for pre. < i 
venting the acceleration of the descending cars. The ■ 
beat method yet employed for this purpose is that in> •! 
tioduced by Mr. J. B. Jervis, on the railroad of ths 
Hudson and Delaware Canal Co. It is composed of 
a wheel revolving on a vertical axis, and furnished ' 
Tilb leaves, whose motion through the air is resisted. 
It isi in fact, the method of a fly with leaves, referred i 
to in ^ 16. Friction may also be applied by a brake * 
lo flie wheels of each car ; but this method requires 
several men for Its application, while the former ia 
self-acting. 

183. Railroads ought not only to bo nearly level, 
but also as straight as possible. Curved railroads 
are objectionable for several reasons : i 

(1.) The axles have so little play, thai, in turning ' 
in curves, one of the wheels on each axle must drag . 
or pasa along the rail by sliding, as well as by its I 
revolution. The resistance is in this case material- 
ly increased. 

(It.) In changing the direction of the course of 
cars, there is a great risk incurred of their running 
off the rails. 

(3.) A centrifugal force is produced at the curves, 
by which a pressure takes place on the outer rail, 
causing an increase in the lateral friction, and a ten- 
dency to spread the rails or separate them from each 
other. 
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In clmDging the direction of the lines of rDilroadSi 
the curves must, in consequence, be made of llio l^j^ 
geal poeaible radius ; ajid to Iceeen the actiaa of tb^ 
iwo liut of the above oauees, the outer rtul should b^ 
raised above the level of the other. The funouut of 
Ihia elcvaliop will depend on the breadth of the track, 
the radjua of the curve, and the velocity of the car.* 
If the velocity be thirty miles per hour, the citation 
of the outer roil, in a track of mean width, shoultl 
bo nearly thirteen inches when ihe radius of the 
curve is 250 feet ; with the same velocity, the etevs^ 
tion becomes 6} inches at 600 feet radius \ Sjd 
Wphes at 1000 feel ; Ifda at 2000 feet. 

It is also usual to make the tire of the wheeh 
slightly conical when ciirvea frequently occur op fi 
rauroad ; tliis gives facility in changing the direction 
ofthe carriage, and moderates the centrifugal force. 
This method, however, ia not without objection lujon 
the straight parts of the road. A motliod, which h 
considered better, consists in uniting the flanch with 
the rest of the tire by a conical surface. This has 
all the advantage of a conical wheel at tite cumKS, 
and is not liable to abjection on the straight parts of 
the read. 

1B4. Tram-roads being intended tor the use of 
common carriages, the distance between the rails 
was made the same as that of an ordinary wheel track, 
say four feet eight inches. Although no such rea- 
son applies to railroads in their present state, it haj 
Blill been usual to limit the apace between tho rails 
to this distance. It would, however, appear that there 
is no good reason for this practice, and there are ob- 
vious advantages to be derived from an increase in 
1^ width of the track. The height of the wheels 

* S«e Punbour on Railriwdi, 
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It bear such a relation to thia width as will pre- 

Tent the equilibrium of the cars from becoming ua. 

stable, and ihiu gives a limit to the radiua uf the 

I wheel, considered aa a lever, which prevents its be- 

1 ing aa effectual in overcomiog the friction as it ought 

I to be. An increase in the diameter of the driviiig- 

1 Vbeels of locomotives will alao ho favourable to ve- 

r bcity with a given force of steam. For these rea- 

sooa, on a railroad recently made in Russia, the 

breadth of the track has been made six feet ; and in 

the Western Railroad, in England, the breadth bos 

been made as great as eight feet. The latter, how. 

ever, appears to he excessive. 

IBS. It might at first appear that, as the weight 
which can be drawn bears an exact ratio to the 
wedgbt of the locomotive, the heavier the latter is 
mode the better. The attendance upon a large and 
hidbU engine is the same, and thus the expense of 
the larger engine is less in proportion. Engineers 
were for a time misled with this view of the subject. 
It is to be considered that every increase in the 
weight of the engine is attended with increased wear 
and t«ar in the roads and in the engine itself, and it 
ha^ in consequence, been inferred that it is better to 
diminish the weight of the locomotive to the lowest 
Gmit consistent with strength and the efficient gener. 
Btion of the steam required for working it. 

Two conditions are to be observed in planning an 
Qigine to draw a given load : 

■ ■ (1.) That there shall i>e such proportion between 
the boiler and the cylinder as shall furnish steam of 
the necessary pressure at the required velocity. 

(2.) That the weight of the engine be sufficient 
to give the adhesion which is in dynamical equilil>rio 
with tliis pressure. 
If the power of the steam exceed the state of equi- 
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librium with the preasure, all aucli e 
litat ; and if the presHure be in eKcess, all such pres- 
sure is a useless load 

In lucomotive engines intended for rapid molion, 
it has been found moat advantageous to make use of 
the pressure on no more thuu one pair of wheels. 
On the other hand, wlion the power of aacendiag 
pianos is required, not only are heavy engines best, 
but all the wbeels must be so connected as to derive 
motion from tlie engine. 

It hita not been found expedient to reduce the 
weight of a locomotive below eight or nine tons, in- 
cludnig the watiir in thu boiler and all necessary sfr 
oessorics. The fuel and water of supply arecBrfiat 
on a. aeparate car, denominated tho Tender, 

With an engine of llie weight of 8 tons, the imi- 
iinum load hus been as much as 175 tons, wilhtbe 
velocity of I2i miles per hour. 

la: doubling iho velocity, tlie load is diminislicd ta 
' one eiglith, while the expenditure of fuel in a ^KU 
diatunce is only lessened one hali'. 

As an instance of good performance of a locODW- 
live engine, we may cite that of one constructed if 
Messrs. H. R. Dunham & Co., of New- York, 00 
the Harlem Railroad. The whole weight of ibv 
engine was S0,400 lbs., or, as nearly as possible, i 
tons, when the boiler was lilled witb water and Ab 
engine in working order. Of this weight lOj^ 
lbs, bore on the driving-wheels. The load dJfW " 
wus 105 tons, loaded upon 35 cars, whose wei 
not given. The ascent overcome on parts 
road was between 25 and 30 feet per mile. 
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■ VIII. 

CANALS AND DOCKS. 

166. Canals are artificial channels for the con- 
veyance of water, and their most important use is for 
parposes of navigation. Thoy may bo applied to 
this object in three different cases, namely : 1. To 
farm a communication between two navigations upon 
the same level, or one of which is higher than the 
other, drawing their supply of water from one or both 
of these navigable waters ; 2. As a substitute for 
a stream which is not itself navigable, in consequence 
of obstructions or of too great rapidity ; or, 3. To 
form a communication between navigations, both of 
which are lower than the ground over which the ca. 
nal must necessarily pass. The latter case is the 
Doost important in practice, and a canal of this de- 
scription is said to have a summit level, or to be d 
yomi de parkige. The possibility of passing canals 
over ground more elevated than the navigations they 
were intended to unite was first pointed out by Ri- 
quety and put into practice in the Canal of Languedoc. 

167. When a canal is of this description, it is ne- 
oessary that the water for its supply should be col- 
lected in reservoirs, or carried by feeders to the point 
'w 4rhence it is to flow in opposite directions. These 
\ feeders must be cut along the slopes of the higher 
^unds, in such manner as to intercept all the 
I streams and surface-water that flow over them.'" 

* The mode of calculating the slopes and areas necessary for 
eoDveying the required quantity of water may be seen in the au« 
tfaof*! Treatisfl on Mechanics, book vi., chap. vL 
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188. The quantity of water which may be inter, 
cepted by a. feeder is ascertained by gauging ihe 
slreains, or eatimating the quantity of rain whkli 
iails upon the surface whose slope is directed to ihe 

189. The dimensiona of a canal may be determiii. 
ed from certain considerations of circumstaDCes un- 
der which they are placed. When they are intended 
to join two artificial navigations, their dimenaioiia 
mual not exceed the smaller of the two, otherwise 
transhipment may be necessary at the point of junc- 
tion. When they unite two natural tiavigations, the; 
ahould be constructed ta accommodate the snialk«l 
class of vessels which can safely navigate them, un- 
less the amount of trade be insufficient to warrantthe 
ejtpense. Thus the Raritan and Delaware Coisl 
has, with great propriety, been adapted to the pas- 
sage of river-craft of 80 tons. But, when no such 
considerations need be taken into account, the beit 
size for canals is that suited for vessels which nay 
be drawn by a single horse. These carry 35 toM, 
and may be conveniently made of the following iii> 
mensions : length 60 feet, beam 6 teet, drau^t ot 
water 3 feel. 

190. The area of a canal muat be such as irill 
perniit two boats to pass each other, although a tluid 
may be lying near the side. The depth must be one 
foot greater than the draught of the vessels, in order 
that Ihey may run no risk of touching the ground. , 
The bottom is level, and the sides have such a. sloM 
as tho earth of which they are composed naluralff 
aasumes. The breadth at bottom is therefore usuaL 
ly twice as great as the beam of the vessels. The 
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1 is iockided between two IwoIls wluch nmy,mc- 
iHg to cimungjincei, be cut in tbe ground, IB 
ed by embonknieat- One of tliese b used u ■ 
ig.patti foi the horses which d/vw tbe bottt : to 
bit Bt top nuui Dol be less than six feci, aod fl 
t to be covBied with good inateriitls for roads, 
other bank need havu no greater tblrkoeas than 
EcsBBi; to resist tbe action of the water id ihe 
. Wben tbe natural eanU is rcienlive of water, 
Kotu are formed of it aione. When it is oo^ 
utal is either lined with an earth reientive of 
', or a vertical layer of such earth is worked i^ 
1 middle of the bank. This mode of lining is 
I puddling. The best puddling material is ft 
Uyloam. Clay will not answer the purpose,aa 
1 Bot fcsiat the action of moving water. Tbe 
I of Ihe Erie Canal have in many places be«a 
with a pavement of rolled pebbles. 
ievel surfitce or berm ought to be left between 
irtace of tho water in the canal and the two 
, in order to prevent the earth from falling from 
into the canal. A ditch should be cut on each 
if the canal in level ground, and on its upper 
a aide-lying grounds, in order to prevent sur- 
rater from running into the canal. The Bur> 
rater which accumulates in the ditches must be 
I under the canal from Ihne to time, in pas- 
acting like inverted siphons. These arc calleS 

A canal, whatever be the height of its sum- 
vel, is laid out in a eeriea of levels. Theat 
may be made to communicate with each other 
ana of locks or of inclined planes. The for- 
e used when the ditferenccs of level are not 
and the practicability of a canal ia usually 
of in reference to this metWiA ■, W\'i\e,v!*w* 

Pa 
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ned plane has at last been succesarully used in the 
Morris Canal, and the possibiUtjr of passing canal! 
through mountainous regions is thus established by 

actual ex peri menu 

A lock is a chamber usually formed of two walls 
of masonry, and closed at each end by gates. Tbe 
top of both gales rises as high as the surface of tbe 
water in tlie higher level of the canal. The low« 
gale has its sill on a level with the bottom or lower 
reach of the canal, and the sill of the upper gate ii 
usually established upon a wall rising like a step to 
the bottom of the upper reach. This breast.waU ii 
the weakest part of the lock, and in modem Aroeri- 
can locks it has been suppressed. The change of 
level in the bottom of the canal is then made gradih 
ally above the site of the upper gate. For this im- 
provement the world is indebted to the late Canvm 
White, and it is the only important step in lock dbt- 
igation made since the construction of tho Canal of 
Languedoc, 

The gates of canals arc usually made in two 
leaves, meeting at an angle in the middle of the lock. 
This angle is pointed towards the upper level, and 
its most advantageous dimension is 120°, 

Paddle-gatea are formed in these gates for ibe 
passage of water from the upper level into the lock) 
and from the lock into the lower level of the camL 
Culverts, furnished with gates for the same purpoae, 
are also sometimes made in the walls of the look. 
These were absolutely necessary for the upper gale 
before the improvement of White, as the water, run- 
ning through an opening in the upper gate, might 
have spouted into a boat occupying the lock. Such 
culverts weaken a lock, and therefore should, if pos- 
nble. be dispensed with. 

When the lower gale ia sVnA, tktii ■«ti,ij&^ passed 



rKAr.TICAt MECHJkMICS. ITS 

rougli the p&ddle-gaie from the u[ per level, the 
V may be filled with water. The pressure on the 
osite sides of the upper gate wi!) tbeo become 
qual, and it may be opened, while the lower gate is 
ept tightly shut by the pressure of the water in the 
ck. By shuiiiog the uppc r gate, and allowing wa- 
1 to escape through the paddle-gate into the lower 
rel, the lock may be emptied, and the lower gate 
log under equal pressures, may be opened, Ves- 
\« may therefore be drawn in the two cases from 
3 two levels, and alierualely raised and lowered, 
" 'n the lock, from the one to the other. 
The alternate filling and emptying of a lock takes 
ibul tea minutes, and thus, in a canal fitted for 30 
B boats, 360,000 tons may be passed through the 
iks in each direction in the course of a year. 
bis exceeds the traffic on the most frequented ca- 
% and therefore, even if of this small size, it will be 
fficieat for any practical purpose. On the other 
nd, & greater weight will be drawn upon large ca- 
la by a given number of horses than upon small 
bals, for the resistance to hoats of similar tigurea 
reasea only with the squares of their lineal dimen- 
is, while their burden increases with the cubes, 
'The course of trade in the Northern States di- 
es the capacity of the canals for transportation 
laterially. In the autumn, towards the close 
'the navigation, the agricultural products of ihe in- 
Tior are accumulated in great quantities, and crowd 
b cjanals, while, at the same time, foreign manufec- 
es and objects of consumption arc hurried from 
seaports, ia order to supply Ihe winter's demand, 
krly in the spring, the merchandise which has 
icumulated during ihe winter also seeks its mar- 
[t, at the earliest possible period. For this reason, 
'the autumn just Iteforc the na'vigalioTi. tioaa*, ^tA 
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in the spring immediateiy afier it opens, our caoab 
are insufficient for the tranaportaUon of ibe vessels 
At other seasons the locks arc almost idle. It thai 
happens, that although as many tons have paasnl 
locks on a 30 ton canal in England as pass those on 
the Erie Canal, where the vessels have a burden " 
60 tons, there is much more complaint of delay' 
the latter than on the farmer. This complaint h„ 
led to a resolution, on the part of the State of Nefc 
York, to enlarge that canal, and place two locksslde 
by side, at each change of level. It is foreign to OUT 
purpose to inquire how far such on additional- O' 
penae is warranted by the circumstances of the tate, 
or likely to return an adequate income. It is, how- 
ever, certain tliat the cost of transportation wjji 'te 
lowered, and room will therefore be left for ania- 
crease in the tolls, 

192, The didTerence of level which may be.ovu^ 
come by a. single lock will depend upon the cosLCif 
construction, and the quantity of water required -W 
fill it. The latter increases with eveiy incrtias&c^ 
the height of the lock ; the former is a minimum !»■ 
tween the heights of eight and ten feet. All ibe 
looks on either side of llie summit level of a cunol^X 
usually nwde of the same height, in order ihat'Wt 
water discharged from one sliall exactly fill thstjK- 
low it, and thus there may be no waste, or no ^H^ 
of an additional supply of water. A belter rule iStt 
moke the lucks diminish in beight from the jf^V!» 
where a feeder enters, in order that the other caUM 
of waste of water may be compensated. 
, When the difference of level between two parttof 
ft canal is greater than can be overcame by a single 
lock, the locks must not bo placed in juxtaposiljuir 
otherwise a wngle boat will occupy the system for the 
length of time necessary io ^ aaa «.V\ ^^^i^ ««veral lock^ 
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the expenditure of water will be proportioned to 
r number. Nor must the inlervcniug space be 
Biiled to that necessary for two boats lu pass, oth> 
wise the quantity of water drawn to fill a logk 
ghi leave the boats aground. When circumstan- 
B compel the engineer lo place locks in juxtapo- 
ion, the system ought to be double, so that one set 
ty be occupied by the ascending, the other by Iha 
■ceoding vessels. 

193. In the inclined plane proposed by Pulton, the 

ctts, being placed on carriages while in the waleT) 

._jrfl drawn over a ridge having a slope in both di. 

icttons, by a force derived from a vessel of water 

Mcending in a vertical well. A similar double 

^^ie was used by Kilchell on the Morris Canal, but 

power was derived from a. water-wheel. In Ibe 

oliaed plane of the Dukt' of Bridge water's mineat. 

i boats passed from tlie upper level jnto locks, on 

^^~ emptying of which they rested on the carriages ; 

trade being a descending one, the loaded boats 

■Cbw up the empty ones. In the inclined planes now 

fi use on the Morris Canal, the method of locks ax 

^u head of the plane is imitated ; but as the trade is 

Hemating, the power is derived from a water-wbeei. 

CWatBr.wheels are objectionable as a power for the 

■^lined planes of a canal, because they require a 

^Dttnual supply of water, which, at heights of more 

than 40 feet, may exceed that necessary to fill a lock. 

A water counterpoise moving on a parallel inclined 

plane, where the quantity of water necessary to set 

the system in motion would continue the motioa 

through any change of level whatever, is therefore 



preferable. This is the method which was proposed 



Ereli 
y the author in the original project of the J 
Canal. 
194. Tho supply of water tot a. ca-noX ie^wv^ 
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Upon ihc quantity required for lockage, the evapon- 
liOQ from the aurface, the leakage through the banki 
and through the joints of the gates. In respect p 
lockage, a loek full of water ia ulluwed for every bual 
vhich will probably pass, although one is suQicieni 
for letting one boat up and another down. The ex- 
cess of evaporation over rain is usually taken al i 
depth of tliree feet ou the snrtace of the canal in i 
year. The leakage through Ihi; hanks is estimaUd 
at double this amount. It is sufficient to allow !« 
the leakage of one gate od each side of the sunmiil 
level, as the water which thus escapes from one gits 
is caught, and supphea the leakage of that beneath it 
In practice in the United States, the mode of eili- 
mating the necessary supply of water which has hut 
been ataled, is said to be iar from sufficient. Tba 
engineers who are employed on the Erie Canal bm 
stated officially, that the demand of water K>r lis ■e^ 
■vice (unouuts to 100 cubic feet per mile every min- 
ute. The same estimate has been reached in lit 
canals of the State of Pennsylvsjiia. In coafbmu^ 
with the former estimate, it has been inferred tlAt 
the Erie Canal, when enlarged, will require a supplf 
every minute of 200 cubic feet per mile, la ordsr 
to convey forward such lai^ bodies of water CtM 
distant sources, it becomes necessary to give a ilift 
to the bed of the canal between ^e two locks wliUh 
close each of its levels or ponds ; and the larger As 
pond, the greater the slope which must be given to 
its bed, A farther increase in the flow will be gained 
by making the canal diminish, both in breadth at Tlw 
vurbce and depth, as the distance from tlie source ol 
supply diminishes. For want of such precautions in 
ihe outset, much difficulty has been found in soma 
pbc«3 in furnishing the necessarj- supply of W>U^ 
This is particularly the case in the level which-Mb'- 
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^Ltends for about GO miles rroiii Luckfiort Li> Rochttster, 
^^ploog which it was originally iiiieiidud to convey 
^Krater from Lakt; tlric to Hiip|jly tlic uanal for a dia* 
^Htance of 30 niilaa farther to ttiu eoatward. 
P 1S5. The other atructurca which arc necessary 
on caoula, are ; wasto gates, by which any cxceiia of 
water may be discharged ; waste weirs, by which it 
muy be prevented from rising above a proper level ; 
ibeac are prismatic mounda of maaonry, wliose edge 
is on the level at which th<3 water ought to be main. 
taincd ; cutverta, by which streams, whose level ia 
nearly the same with that of the canal, may be pars- 
ed bcneuth it; aud aqueducts, having the form of 
bridges, by whicJi the canal miiy bo carried over 
deep valleys and wide watcr-courseH. 

Aqueducts may he trunks of wood resting on piera 
of mosuury. Tliese have the advantage, in thiacuun> 
try, of saving in ttie origiodl cost, but are ubjectod to 
for want of durability. It would, however, appear, 
ftom tlie e:(perience of the Erie Canal, that ibeybave 
lasted as long aa some of those built of stone. 

The beat aqueducts are formed of plates of cast 
iron, united by botta paased through flanclies. These 
luay be supported on pillars of atone, when they can 
be placed near enough to dispense with the use of 
the arch. In other cases they are supported on 
arcltt^s of cast iron. The finest aqueduct of this de- 
soriptioQ is in the Valley of Llangollen, in Wales, oa 
the Eltesmere Canal, 

196. Wet Docks are basina constructed in places 

where there is a conaiderable full of (he tide, in order 

to keep vessels aJleat when the tide ebbs. They are 

connected with the tide-way by gates resembling 

I Iboae of a canal lock, and these gales are sotae- 

k tiraea iwo in number, having a space between them 
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iufficient to contain a vessel. This space may 
therefore be made lo answer the purpose of a lock. , 
The best specimena of these basins are those in (he 
vicinity of London, a description of which may be 
found in " The Public Works of Great Britain," and 
those of Liverpool. 

197. A Dry Dock is a basin into which a vessel 
may be floated, and shut up by gates. The water is 
then discharged either by the fall of the tide, or 
pumped out when that is not suHicient. A vessel 
may thus be laid dry fur the purpose of repair. The 
gates are usually similar to those of a canal lock or 
wet dock, but open in the opposite direction, or out- 
ward. Besides this kind of gate, a floating gate is 
often used in dry docks. This is a vessel of such 
length and depth as to occupy the whole opening of 
the dock. The walls have two deep grooves cut 
opposite to each other in the masonry, and united by 
a horizontal groove at bottom. The walb are in- 
clined towards each other, so that the vessel may lie 
lengthwise between them when afloat, but will enter 
the grooves while in the act of sinking, and fill them 
when it reaches the bottom. The floating gate, be- 
ing introduced in this place, is caused to sink by ad- 
milting water through an opening in its bottom. 
When the gale is lo be removed, this opening is 
closed, and the water pumped out. 

Dry docks are of absolute necessity for the repair 
of large vessels, and a navy cannot be maintained 
in an efRcient state without them. 

For smaller vessels, the Marine Railway of Mor- 
ton, the Screw Dock, the Hydraulic Dock, and a 
Floating Dock recently introduced in New.York, ' 
may suffice, and arc less costly than the Dry Dock. 

In Great Britain, where the tide falls enough to ' 
permit the docks to bo emptied by its ebb alone, and 
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where the space on which the dock is to be con* 
Btnicted b dry at low water, no great difficulty ex. 
iits in the construction of a dry dock. In most 
parts of the United States, this facility is not to be 
finind. They have therefore been built at Norfolk 
and Charlestown, Mass., by means of a coffer-dam, 
enclosing the space they were intended to occupy. 
This method appears to be much less efficient, and 
far more costly than that used under similar circum- 
dances at Toulon, where the dock was built in a 
large floating vessel or caisson^ and was sunk by its 
own weight upon, a foundation of piles. 

198. Canals are also used for the purpose of con- 
veying water for the supply of cities, in which case 
they are called aqueducts. It generally happens 
that, where ground is covered with buildings and 
the streets paved, the springs subside, and finally 
disappear. Even when the springs derive their wa- 
ter from distant sources, it is apt to be contam- 
inated by the filth which the surface-water carries 
through such parts of the ground as can be pene- 
trated by iu In other cases, the usual supply being 
cut off from above, water charged with foreign mat- 
ter may pass in, even if it do not rise to as great a 
height. These facts have all been illustrated in the 
dty of New- York. The level of the springs has fall- 
en, and in some cases wells, once abundantly sup. 
plied, have been dried up. The water is so highly 
charged with organic matter in the wells of the old- 
er parts of the city, as to become putrid after a few 
hours ; and springs which formerly yielded a pure 
and solt water have become brackish. 

190. The best source for the supply of a city is a 
stream which has run for some distance in a steady 
and gentle current. Under such circumstances, it 
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is found that all saline matter is precipitated, and or. 
gonic matter ceasea to be soluble. No other impu~ 
rity romaina hut what is visible in the form of aedi- 
men^ and tills is readily removed by allowing the 
water to remain at rest for a time, or by actual 61- 
tratioD. Such is the effect of exposure to the sun 
.and air upon water, however charged with foreign 
■matter, that the superior excellence of the waters of 
Bneh rivers as the Nile and the Mississippi is ac- 
knowledged by all who have tasted them. On the 
other hand, when water is actually atagnant, it will 
likewise deposite its earthy salts ; but the smallest 
quantity of organic matter will, in a hot climate, ren- 
der it unwhtfle^ome not only to those who drink it, but 
to those who reside in the neighbourhood- 

200. In conformity with these facts, the best mode, 
of conveying water for Ihe supply of a city would be 
in a chapncl open to the air. It ought, moreover, to 
bo of such a depth that the bed may be below tha 
reach of frost, and with auch velocity as will prevent 
more than a thin crust of ice to form at its surface. 

Channeia of masonry, however well built, are not 
only. expensive, but are objectionable'in conaaquence 
of the water being capable of dissolving a portion of 
the linne which is contained in the mortar, unless the, 
joints be both close and few in number. The best 
of all beds for the purpose is one of retentive earth,, 
such as would be suited for puddling the banks of a 
navigable canal, but containing a larger proportion' 
of gravel, in order to resist the greater velocity of 
the water. One of the best instances of this de- 
Bcriplion is the New River, by which a great pact 
of the city of London is supplied. This brings the 
water from a distance of 39 miles, and, by the Joint 
advantages of favourable ground and good engineer- 
iDg, is one uninternipted line of canal upon a con- 
ataiil slope. 
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201. After water has been conveyed foi some dis- 
tance in an open channel, it is necessary that it 
should be permitted to rest for a time, in order to re- 
gain the air which separates from it while in motion, 
and deposite the sediment. Reservoirs are also ne- 
cessary to equalize the supply, husbanding the wa. 
ter when it is not demanded, in order to yield it when 
wanted. One of the best reservoirs is that of Tou. 
bnise, in France. It is a large basin, excavated to a 
considerable depth. In the bottom is placed a layer 
of large rolled stones, at as great a distance from 
each other as will permit of their supporting a sec- 
ond layer of less size. Successive layers, thus de- 
creasing in size, are placed in the reservoir, until the 
upper beds take the form of coarse gravel, and these 
are covered with sand. The interstices in this ma- 
terial are sufficient to hold the required supply, and 
it is under the circumstances of water in a well, hav- 
ing a temperature nearly constant throughout the 
year. 

This reservoir is not supplied by a canal, but is 
excavated in a gravelly soil, so near to the bed of the 
river Garonne that its waters filter through the nar- 
row dike of loose soil which separates them, and 
thus reach the reservoir clear and limpid. 

A similar plan is adopted at Glasgow, in Scotland. 
A deep trench was cut in a gravelly point almost 
surrounded by the Clyde. In this a tunnel of an 
elliptic shape was laid of brick, backed and jointed 
only with sand. The trench was then filled up. 
The water of the river filters through the gravel and 
fills the tunnel, whence it is drawn for use. 

202. When a body of good water exists in the 
neighbourhood of a city at a low level, or when it is 
brought from a distance at an elevation too small to 
pernnit it to be used, it becomes necessary to raise it 
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by artificial means. One of ihe earliest instances of 
this Borl was in the supply of a part of London. The 
■water of the Thames is fresh at London Bridge, and 
in Ihe old structure of that name, the current through 
the arches is sufficiently strong to work an tuider- 
shot water-wheel, both during the rise and fall of the 
tide. On the axle of this wheel were placed three 
cranks, each of which worked the rod of a pump, 
by which the water was forced to the top of a lo^ 
tower. 

At Philadelphia, the water of the Schuylkill 18 
formed into a pond by a dam. This furnishes a pow- 
er to drive breast- wheels, by which a set of horizon. 
tal forcing-pumps is worked. 

203, As water-power can only be obtained in par- 
ticular aituations, the steam-engine furnishes a meth- 
od more universally applicable for raising water. 
This is made use of by tho Manhattan Co. of New- 
York, and was formerly employed in Philadelphia. 
In London, the pulling down of London Bridge has 
destroyed the water-power of which wc have spoken, 
and it is replaced by a steam-engine. Other engines 
are erected at ditferent points on that river, by which, 
in addition to the Now River, the prodigal supply 
with which that city is furnished is obtained. 

204. When a channel by which water is convey- 
'cd to a city reaches a deep valley or stream which 
• crosses the direction of its course, two methods sug- 
gest themselves for crossing it. The first and most 
luicient is by an aqueduct bridge of masonry ', the 

second by means of pipes forming an inverted siphon, 
,in which water will rise again nearly to the height at 

■ which it enters. The first method was practised by 

■ &B Romans, and did not go out of use until afler the 
BEe of Louis XIV. The last instance of a stone 
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ttqiieduct is even later, for one was constructed near 
Lisbon towards the close of the last century, under 
the orders of Pombal. 

The second method was not practicable until the 
art of casting iron had attained a certain degreee of 
perfection, and this art had not yet penetrated into 
rortugal. 

Our contemporaries, who are aware of the advan- 
4ages of conveying water across valleys by means of 

Sipes, have supposed that the profuse use of aque- 
uct bridges of masonry by the Romans grew out 
of their ignorance of the property of water, by which 
it tends to rise to the level of its source or head. 
The reason for the use of such aqueducts was differ- 
ent. The Romans were unacquainted with cast iron, 
and were therefore compelled to make such water- 
pipes as they could not avoid the use of, of lead. 
This metal is so rare and costly, that the stone aque- 
ducts had the advantage of economy. At present 
this reason does not apply, and it is vastly cheaper 
to convey water over a valley in pipes than in an 
aqueduct of masonry. Even where it is necessary 
to construct arches, a saving of expense may be ob- 
tained by making the surface of the bridge incline 
downward each way to the middle of the valley, and 
laying the pipes upon it. Such is the beautiful aque- 
duct of Genoa, and such was the plan of the method 
of crossing the Harlem River proposed by the en- 
gineers of the Croton Aqueduct. It is to be regret- 
ted that this plan, which would have been so highly 
creditable to the intelligence of our people and the 
science, of our engineers, should have been abandon- 
ed, under the compulsion of an act of the Legislature, 
for one resembling the exploded structures of the en- 
gineers of ancient Rome and of the dark ages. 

Besides the objections in point of cost, lofly aque- i 
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dncta of mammry are liable to ibc fiuiber defect of * 
e^KMJiig the wai«r which flows io iliem to freeze. 
This faaa led to the abuidonmeal of a masonry aque- 
duct raised upon arches, in a climate eveo leas se- 
vere than our owe. It is many centuries since iha 
conlinuat iaierruption caused by the frost has led to 
thesuhstiluiionofleadea pipes for the aqueduct erect 
ed by the Roman emperors at ConstanliDople. 

205. Water is wanted in cities for two purpoaeii 
the supply of the inhabitants for cooking, washing 
aod drinking, and the cleaDsiug of the streets sin 
aewers. The former ougbt to be raised to the higfa- 
est stories of houses, while the latter oeed be deUt- 
ered at no higher level than the surface of the streeia. 
But a small quantity of water is wanted for the fbr- 
mer purpose compared with that for ibe latter. In 
Xiondon, the delivery at two different levels is mao- 
aged in an easy and economic way. For the greid- 
er part of the 24 hours, the water is distributed from 
a reservoir whose level is little higher than the moat 
elevated point of tlic streets, and the engine raises a 
large body to thalTieighl. But, for a few hours it 
each day, the engine pumps a leas quantity of watei 
into a small reservoir situated as high as the top of 
the loftiest houses. By a simple stopcock, the pipes 
by which the water is conveyed may be put in eom- 
munication with either of the reservoirs. While in 
communication with the larger, the water will only 
run at or below the level of the streets ; and when in 
communication with the latter, it may be drawn in 
the uppermost stories of dwelUngs. Here cisterns 
a/0 placed, by which a supply is furnished at times 
when the system is in commuDication with the higher 
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PRACTICAL MECHANICS. 187 

distributed throughout the quarters of a city in pipes 
q( cast iron. The proper dimensions of such pipes 
may be made a matter of almost strict mathematical 
calculation.* 

207. When water is running in pipes it is liable 
to obstructions. These are of two kinds : 

(1.) Water flowing in a pipe gives out its air. 
This collects in the higher joints of the pipe, and 
forms an obstruction as eflectual as if it were a solid 
body. 

(2.) If the water be not perfectly clear, it will de- 
posite its sediment in the lower joints of the pipe, and 
may finally close it at these places altogether. 

The first of these obstructions may be prevented 
by placing a valve opening downward at the high- 
est bends of the pipe. This is connected by a rod 
with a hollow ball, which, being lighter than water, 
keeps the valve shut so long as the pipe is full of that 
liquid. But when air collects, the ball &lls and opens 
the valve. The air escapes, but is followed by the 
water, which raises the ball by its buoyant force, and 
shuts the valve. 

Deposites of sediment may be removed, wherever 
the ground falls from the lowest bend of the pipe, by 
means of a stopcock. This is opened from time to 
time, and the water^ flowing rapidly out, carries the 
earthy matter along with it. In other cases a short 
pipe is placed beneath the lower angles of the water, 
pipe, and communicates with it in two places by lead, 
en tubes. The sediment, seeking the lowest level, 
wiU be formed in Utas pipe, which may be removed 
from time to time and emptied. 

* See Genieyt* Moyens d*61ever et de cohdnire les eauz, and 
Storrow . on Water-works. Perhaps the best practical roles are to 
be foand in Brewster*e Cyclopsdia, article ** Hydnulics." 



188 FBACTICIL UECHANICS. ^H 


i 


V 


HYDIAULIC ENGINES. 


1. Founlam of Hero. 


208. The Fountain of Hero consists of two ' 
Hels, A and B, the one placed perpendicularly c 
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the cistern, passing through the upper vessel without 
communicating with it, and entering the lower ves- 
sel, reaches nearly to its bottom. A second pipe, e e, 
proceeds from the top of the lower vessel, and enter- 
ing the upper, rises nearly to its top. A third pipe, 
/Jj'is inserted into the top of the upper vessel, and 
reaches within a small distance of its bottom ; this 
last pipe is terminated by a nozzle or adjutage. The 
last pipe is furnished with a stopcock at g; and there 
are stopcocks for the admission and discharge of air 
and water. 

In order to set the machine in action, the upper 
vessel is filled with water nearly to the level of the 
open end of the pipe e e, and water* is introduced 
into the lower vessel until the open end of the pipe 
d d^'is immersed. The stopcocks which have been 
opened for this purpose, are now closed, and wa. 
ter is poured into the ' cistern C. This enters and 
fills the pipe d d, forming a column of the whole 
height of the instrument ; by this the air contained 
in the upper part of the two vessels, and in the pipe 
e e, is compressed, and thus, having its elasticity in- 
creased, acts upon the surface of the water in the 
vessel A with a force whose measure is the fiuid 
pressure of the column in d d. The stopcock g is 
now opened, and a jet of water is forced by this pres- 
sure out of the adjutage in which the pipe/y"termi. 
nates. The action will continue until the water is . 
forced out of A to the level of the lower end of the 
pipeyy) and the lower vessel B is nearfy filled with 
water ; and it may be repeated by allowing the air to 
escape from the vessel A, and the excess of water to 
run out of the vessel B. 

The Fountain of Hero has not been applied, in its 
original form, to any important practical purpose. 
But the principle on which it acts, namely, that of ;i 
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compressing a body of air by a column of fluid, tho 
air acting in its turn to raise a second column of iluid, 
haa been advantageously employed in the instoncQ 
we shall next cite. 

2. Machine of Schemnitz. 

209. The mine of Schemnitz, in Hungary, is situ. 

ated in a. mountain which rises suddenly from a plain. 

The mine was at first drained by means of a horizon. 


tol gallery driven in from the surface of the plain. 
When the vein had been exhausted down to this 

FiB. 57. 
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level, a spriog of water, situated on the side of the 
mountain, was made use of to drain it, in the follow* 
iog manner : 

A large airtight vessel, A, was placed in the hor- 
izontal gallery. Into this the water of the spring 
was conveyed by the pipe b b b. The air in A be« 
ing compressed by the column of water in this pipe, 
acted through the pipe e e, upon the suri&ce of the 
water received from the bottom of the mine in the 
vessel C, and caused it to rise in the pipe d d, and 
flow out at the level of the horizontal gallery. The 
height of the spring above this gallery was 158 feet, 
the depth of the mine 103 feet. With this difference 
of altitude, the quantity of water raised from the mine 
was -,Vir of that derived from the spring. 

The upper vessel having been filled with water, 
and all that in the lower having been forced out, the 
action of the machine is renewed by opening four 
stopcocks, by which the upper vessel is again filled 
with air and the lower with water. 

8. Pump of Vialon. 

210. The pump of Vialon is composed of two 
pipes, wound in opposite directions around the same 
cylinder, at the top of which they are united in a sin- 
gle tube in the direction of its axis. Each tube ter- 
minates in a funnel-shaped opening in the direction 
of a tangent to the circular base of the cylinder, 
and a valve opening upward is placed immediately 
above each funnel. The motion given to the instru- 
ment is reciprocating, and at each alternation water 
enters by one of the funnels, while it is retained in 
the other by the closing of the valve. The two 
streams will finally meet in a vertical pipe. 

This instrument is represented in Fig. 58, on page 
193. 
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Fig. 58. 




4. Bucket Machine. 
211. Two buckets, connected by cliaina or ropes 
passing over a pulley, may conalilute an engine for 
raising water. The buckets are of different sizes, 
and the smaller is loaded with such a weight as to be 
heavier than the larger when empty, but the capacity 
of the larger is so great that it shall preponderate 
when both are filled with water. Both buckets re- 
ceive water from the same stream and at the same 
level. The pulley must be placed sufficiently high 
to allow the smaller bucket to ascend to the height 
at which the raised water is to be discharged, and a 
well must be formed to permit ihe descent of the lar- 
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ger bucket to on equal depth below the level at which 
bolh receive water. When they have respectively 
reached the higheat and lowest points of Lheir motion, 
the water is made to dischargu itself from bolh at the 
same iastant ; aiid the sDioller bucket becoming heav- 
ier, descends and draws up the larger bucket until 
both resume ilielr original position, when they are 
again Blled with wuter, and motion is caused ui the 
opposite direction. 

The discharge of the water from the buckels may 
be effectfd in various ways. The most ingenious in 
principle consists in taking advantage of the differ- 
ence in the [>osiiioD of the centre of gravity* of a 
hollow and a solid conic frustum. The buckels are 
suspended on an axis lying between these two points, 
and hence are in stable equilibrium when empty, but 
in one of tottering equilibrium when full. The 
Bmalleat shock will therefore suffice to upset them 
when full, but, after tlie water is discharged, lliey re- 
turn lo their primitive position. 

212. Two chains of buckets, passing over the 
same axle, but'having lheir openings in different di. 
rectious, may be made to answer a similar purpose. 
The motion of this is contiDuous. The arrangement 
will be imderslood by inspection of the anuexed 
plate. (See Fig. 69, on page 194.) 

Where it may be inconvenient to dig a well of auf. 
ficient depth to allow the larger bucket to descend as 
&r as the smaller bucket rises, two pulliea may be 
nsed of different diameters ; and the larger bucket, 
being attached to the smaller of these, will d 
through a space as much less than that throush 
whicb the smaller bucket rises as the diameter of tl 
one pulley is less Chan that of the other. 
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This chain of buckets descends inlo a well which 
;h lo enabis Ihs buckels. whan full of water. U 
lie leaded with the water which in Id be raised 
in of buckets, the lower one of which is immei 
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5. Siphon of Venturi, 

218. When water is flowing from a reservoir 
through a cylindric tube of no great length, it does 
not fill the tube, but forms what is called the Vena 
Conlracian* The air contained in the space between 
the contracted column of water and the sides of the 
tube will be drawn out by the motion of the liquid. 
This action is analogous to friction, and is called 
the lateral communication of motion in fluids. If, 
now, a bent pipe of smaller size be inserted into the 
tube through which the water is discharged, and pass 
down into the reservoir of water beneath, the air 
which this pipe contains will also be carried along 
with the current of water above ; and the pressure of 
the atmosphere, acting upon the surface of the water 
in the pipe thus rendered void of air, will force it up, 
and cause it to join the effluent stream. The quan- 
tity thus raised will be small, but there are cases in 
which it might be used to great advantage. The 
limit of the height to which water can be raised by 
this engine is the same as in the common pump, say 
in no case more than 34 feet. 

A model of the Siphon of Yenturi is represented 
in Fig. 60, on page 196. 

6. Hydraulic Ram. 

214. The plan of the Hydraulic Ram was derived 
by Mongolfier from the observation of the following 
feet: If water running freely through a pipe have 
its current suddenly checked by closing the end 
whence it is discharged, and there be a small hole 
on the upper surface of the pipe near this end, a jet 
or stream of water will suddenly spout through this 

* See Mechanics, f 399. 




'hicli flows off th 
of the pipe C in ' 



hole to a height much greater than that whenct 
velocity of the water in the pipe is derived. ' 
jet will only continue for a short time, and will g 
ually decrease in height until that amounts tc 
more than the effective head of water. By ope 
the pipe again, and thus permitting the water in 
resume its original velocity, the operstion ma; 
repeated. The cnuse of the rise of the water J 
the small hole ih, that llie velocity being sudd 
checked, the whole quantity of motion of the w 
in the pipe is exerted to force a part through 
small opening ; and abstracting from friction 
other resistances, the height of the jet will bear U 
ellective head of the water in the pipe, the rela 
that the area of the latter bears to that of the fon 
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■ In order to render this principle cfEcicnt in prac. 
I Uce, it is neceaaory to cause the water lo rise in 
B a pipe instead of a jet in itie opeo air ; lo place a 
I nWe on this rising pipe, in order to preveDl tlie re- 
M turn of the water it contains, when the water in the 
I Diaio pipe resumes its flow ; and to adapt a SL'lf-act- 
I iog valve to ihe main pipe, by which it may be open- 
w td and shut alternately. The lailer object is attained 
f by the application of a simple principle. Water, 
I when in motion, is capable of carrying along wilh it 
I bodies of greater density than itself, and of sizes 
[ having relation lo their own denaiiy and the velocity 

of the water. Thus large and heavy masses of rock 
are swept along by torrents ; roimded atones, peb- 
bles, and gravel by streams of less intensity. On 
the other hand, as ftoon as the velocity is checked, 
such substances are deposited, in consequence of their 
superior density, which causes them to sink. A valve 
constructed upon this principle will not open imme- 
diately af^r it closes, but will remain shut an appre- 
ciable lime, because a body in motion does not im- 
mediately lose all its velocity, but must pass through 
every intermediate rate of motion from its maximum 
tfi ; and tho valve does not forthwith close, because 
H requires a definite time for a body at rest to resume 
ita previous velocity. The latter port of the princi- 
ple may be illustrated by a. number of facts : a can- 
non ball will strike a mark as certainly if fired from 
ft piece Huspended freely on a pivot, as if fired from 
one firmly fastened down, because there is not time 
for the motion to be communicated ihrnughout the 
whole body of ihe piece before the ball leaves the 
muzzle ; a person who passes rapidly over ihin ice 
or a weak board, may do so without breaking ihem, 
while, if he move slowly, they are infallibly ruptured 
ft lope tied to a shell which is fired from " mortar 
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is broken, however freely it may bu coiled, becauM 
the motion haa not liad time for its transmiasioc 
throughout the whole length. 

', It was, moreover, found thiit the sudden action, by 
which the jet is caused to rise, was apt to burst tha 
rising pipe or force water through ila joints. To 
prevent thia, an air vessel waa placed on this pipe, 
the air contained in which should act as a spring to 
regulate the action, and cause a continual, although 
not a steady, flow of the water in its ascent. 

These facts and principles being premised, iho 
structure and action of the instrument may be under- 
stood. (See Fig. 61, on page 199.) 

The Hydraulic Ram ia liable to difEiiuEties in its 
action, in conaequence of the tendency which air has 
to. mix with water. That which ia contained in the 
airvessel may therefore be finally exhausted, and 
the action of that part of the engine may thus cease. 
To remedy thia defect, valves have been planned by 
which new supplies of air may be obtained from the 
atmoaphere. 

7. Fvmps. 
216. Tha principle on which the common pomp 
acta forms n part of the theory of Mechanics.* It 
is sufficient for our purpose to recollect that water 
ia forced by the pressure of the air into a pipe which 
would otherwise become a vacuum, in consequenca 
of the alternating action of a piaton furnished with 
a valve opening upward. The reflux of water ia 
prevented by a fixed valve, alao opening upwanL 
Pumps of the common kind, therefore, rather difler 
from each other in the materia! of which they fOt 
constructed and the form of the valves, than in any 
other respect. 

* See Mechanic!, 4 3S8. 




9 bed ia a ihott pip« adapted lo Lhe pipe B. and directed ap- 
mid. Id lliis pipe is eilualed a lalve. E, bIko of d spherical 6g- 
DCS. Thia alternates in ila motion with Ibe valve D. cIohhk (be 
pMaaga at vrben C is npcn, and opening when it s' 
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(I.) The valves of the cheapest form of the com. 
tnon pump, reprcsenled in the figure, are no more 
than a circular plate of leather, on a part 'of the 
circumrerence of which ia a rectaogiilar projection, 
which is nailed down to a collar in the barrel or in 
the piaioR, and which thus serves as a hinge. Tbe 
leather is stiffened by nailing a. piece of wood on (be 
lower side. India rubber, or cloth prepared with 
that substaace, has been found to answer belter. 




(2.) A circular plate of leather may be nailed lo 
the direction of one of its diameters (o a bar which 
crosses the barrel of the pump, or the hollow of tbo 
piston. This valve, from a resemblance in its mo- 
tion lo that of wings, is called the butterfly valve. 
It may also be executed in metal, in which cose tha 
two parts have the shape of a portion of a circle 
Bomewhat less than a. seinicircle. and are connected 
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th the bar by a hinge. This form of valve ha» 
esdy been Rpoken of as that used in the airpunip 
B steam-engine. 

8.) When the body of the pump is a square, a 
"e, called, from ils figure, pyramidai, is sometimes 
). This has for its basis a frame having the form 
jefour edges of a regular pyramid. The move. 

parts of ihe valve a/e four equilateral triangles 
Hither, stifiened by wood, and nailed at the base 
le pyramid. 

I.) The triangular valve is applied lo a pump 
»e body is also square. The seat of the valve 
imposed of two equilateral triangles, which, when 
jduccd into a square, lie in an inclined position. 

leather plate has the same figure, and is nailed 

diagonal bar. 

i.) The conical valve {Fig- 63) is always made 
letal, and has iho shape of the frustum of a ci 
Fig. 63. 




iting Itself lo a SPat of the same figure. 
'e requires to be guided by a rod passing thi 
IT fixed in the body of the pump or in the n 
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Bible piston. This valve, which is amung tbe'fl 
when the water is clean, is liable to be choked by t*"^! 
entrance of solid mailer. -^ 

(6.) The spherical valve is a hollow sphere o^^ 
metal, which applies itself to a seal having the figur^^ 
of a zone of & sphere. This valve is repreaeote-— 
in Fig. 64. ,, 

Fij. 64. I 




, . „ le of a hollow aphoro. 

J, Val™ of tha figu™ of . .phere. 
r ■ fr e. Bar eilandine Borosi ihe pump . bairol, to b*at fleiible 
■trip« ol metal which keep the motion o( the valra within 

ti,bi,bf, Fleiible stripi of metal. 

This vaivo is less liable to choke than the conical 
Talve, and may be rendered almost incapable of be- 
inc choked by adapting a long rod to it, and loading 



the end of the rod with a weight. With thia addi- 
. ^ion the cage becomes unnecessary, and it is now 
called the pendulum valvR. 

Such arc a few of the many forms which have 
been proposed fw the valves of pumps. 

216, The common pump is an apparatus of great 
convenience, and, wherever the quantity of water re- 
quired ia such that the expenditure of the moving 
power may be disregarded, is, perhapa, the most use- 
ful of all hydraulic engines- Even in such instances 
it is limited in its use oy the fact that the rise of the 
water is due to nimospheric pressure, which, unless 
the materials and Workmanship are superior to those 
usually employed, cannot he relied upon if [he height 
of the lower valve above the water to be raised ex- 
ceeds 28 feet. 

217. When the pump is to be kept in continued 
action, the quantity of force which will be required 
to move it becomes an important object, and the 
pump is a disadvantageous application of the force. 
It is stated by Hachette that the measure of its work 
is not equal tu more than one tenth of that of the 

When a common pump ia worked by men, iheap. 
plication of the force is still more disadvantageous ; 
for the particular manner in which a man works the 
brake of a pump constitutes a labour which exhausts 
more rapidly than almost any other. There are, 
notwithstanding, cases in which no adequate substi- ,^ 
tiite has been introduced into general use. 

The great fricijon which ottends the motion of the 

. pbton of a pump, when pocked in such manner as to 

be air tight, is one of the causes of the loss of force. 

It has Iwen attempted to obviate this by enlarging 

the part of the pump in which the piston acts, and 
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connecting the piston to the seat of the lower 
by a hollow vessel of leather. The best form 
is made up of a number of I'inga of leather uial 
their outer edges. We annex a draught of ~' 
pump taken from the work of Hachetle. 
Fig. 66. 




1 

aucha I 



Thia has recently been published in ibis country 
at a new invention. 

Martin's ship pump is somewhat similar. The 
pompe des prelres bas its moveable valve situated in 
a loose diaphragm of leather, placed in an enlarge- 
ment of the body of the pump. 

8X8. It is a common mistake to suppose that, aa 
the moving power in the common pump is the prea- 
aure of the atmosphere, there is but little force em- 
ployed to move it. But this pressure ia no more 
machine interpoaed between the prime mover 
the water to ba raised, and does not act of ilwIC 
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Id order to bring the pump into tliat siole in which 
water will flow at a single stroke of the piHtoii, as 
much force must have been previously applied, in 
addition to that intended to overcome ihe friction, as 
vt'ould raiao the water to the level of the lower valve 
in any other way. 



219. The common pump being iimited in its ac< 
tion to heights which, under ihc most advantageous 
circumstsnceSf do not exceed 34 feet, pumps of ao. 
other description, called forcing or lifting, are used 
vbere the height to which the water is to be raised 
ciceeda that limit. The latter of these is rarely 
used. The former differs from the common pump 
in having a solid piston. A pipe proceeds from the 
body of the pump, al a. point just above the fixed 
or lower valve. This pi[)e is furnished with a valve 
opening upward. The action of the piston in rising 
in similar lo that of the common pump ; but on its 
descent it forces, first, the air contained in the body 
of the pump, and subsequently the water raised by 
its previous action, through the last. named valve into 
the pipe we have described. The previous action 
has the same limit as the common pump, aay, under 
ordinary circumstances, 28 feet; but the latter ac- 
tion has no iimit except the strength of the materials 
of which the pump is constructed, and the intensity 
of the agent employed to work it. 

220. In the best form of forcing- pump, the piston 
does not work against the sides of its body, but has 
the form of a plunger, which is passed through a col- 
lar that closes the upper part of the body of the pump. 
With this form of piston, the friction of the pUmp is 
considerably lessened , 

A pump of this form is represented in Fig. 66, c 
the following page. 



206 PRACTICAL MBCBANrCS. 

Fig. 66. 
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As the friction of a pump of given dimensions is a 
constant quantity, the force required to overcome 
this resistance in a force-pump, raising water 28 feet 
by the pressure of tlie atmosphere, and 28 feet hy the 
forcing action, is no more than in a common pump ; 
and with every increase in the hciglu to wliich the 
water is raised, the proportion between the useful ac- 
tion of the prime mover^nd the loss by friction will 
be lessened. A force-pump, therefore, which raises 
water to a great height, is a much more advantage- 
ous application of a prime mover than the common 
pump.* 

The action of the force-pump is regulated by the 
addition of an airvessel. This is placed upon the 
pipe through which the water is raised. The rea- 

* Pumps are worked to greater advantage by the steam-cnjpiine 
than by any other agent. In fact, the reciprocating motion ofthe 
engine, which corresponds identically with that of a pump, was 
originally contrived for this very object, and the successive changes 
in the structure of the engine have taken the character merely of 
improvements. In the use of pumps of large size driven by a 
steam-engine, it has l)een found that the stroke of the piston must 
not exceed 8 feet. The proper velocity in feet per minute will be 
found by multiplying the square root ofthe length of stroke by the 
constant number 08. The quantity of water in cubic feet per mm- 
Qte is found by the c(mtinued multiplication of half the velocity of 
the piston Sn feet, the square of the velocity in inches, and the 
constant fraction 0.00518. 

The diameter of the piston of the pump in inches is found by 
the formula 

in which W is the quantity of water to be discharged in cubic feet 

The corresponding diameter of the piston is found by the for- 

molt 



D=V 



/ 7332 W h\ 



in which p is the average pressure on the piston, and H the eflect> 
ive height to which the water is to be raised. H is found by add- 
ing to uxe real height 1} feet for every separate lift, and one twen- 
tietU of the length of the pipes of which the pump is composed. 



n 
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sons for using an oirvesael in the hydraulic ram are 
applicable in ilus inslance a' 

221. The common fire-engine ia composed of two 
force-pumps, which throw water into a single air- 
vessel. The two punnps are connected by a brake 
or lever, having a fulcrum lying between them ; they 
therefore act alternately, ar^ the action of the ^r- 
veesel produces a constant stream. 

Fig. 67 is a section of a. lire-engine, exhibitiDg 
one of the pumps. 

Fij, 67. 
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, _ is Ihe pialon of ibe pomp, the rod of irhich ii ilUched (a & 
I dnulii legrnent, K N. 

The lower or suction TflWe is opposite F, 
The islvfl G roima a cammuni'UtiDn mth the liige urrelHl, 
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I. The defects of ihi 
pump have led 
lo the invention of rota 
ty pumps. In these thi 
TUTea work in a ring ; the 
trater entcra on one si tic 
of tlie ring, and is furet^d 
Hit at a point nearly oppo- 
■ite. A rotary pump may 
set as a common or for- 
dng-pump, according to 
its position. Of rotary 
pumps there arc several 
laiieties, but the friciion 
Id any of them is far less 
jlhan in either die common 
.«r{brcing pump. 1 1 would. 
■hi consequence, be a great 
nving oflabour could the 
iDtary pump and appiirii- 
tus for worliing it bo ap- 
plied to a carriage, in or- 
8er to serve as a fire-en- 
S2 



Fig. 68, 




gine. Sections of two rotary pumps a: 
in Fig. 68, on page 209. 

Among other forma which have been proposed to 
remedy the defects of the common and forcing pumps, 
axe that of Vera, and the centrifugal pump. 

8. Pwnp of Vera. 
?23. The pump of Vera is composed of an end- 
less rope stretched in s vertical position between two 
pulleys. The upper pulley is made to revolve bys 
winch, or by bands passing over wheels, so arranged 
as to increase the velocity of the motion, and the 
rope will revolve with the pulley. The lower pullay 
is situated in the reservoir whence water is to be 
raiaed, and the rope, in turning under this pulley, be- 
Pig. 69. 
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eoinea charged with the fluid, which it carriei Dp 
Willi it until it is in the act of passing over the upper 
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;e in the direction of tlie motion 
does not immediately partici- 

thrown off. The water thrown 
ppropriate vessel, whence it is 


The efi 
Ihe degree 
loo great, 
Ibe movin 
Uwmpe« 
the more 
be carried 
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are arran 
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n of this pump depends upon 
of Ihe rope. If this tension be ' 
will require too great a part of 
hile, if the tension be loo amall, 
?be greater velocity of the rope, 
r which the rope lakes up will 
he upper pulley. Ropesmade 
carry more water than those 

U-Tifugal Pump. 
fugal pump a number of pipes 
Burface of a truncated cone, 
west. The upper part of each 
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pipe ia beul outward, and then turns downward for a 
short distance. When A rapid motioD of revolulion 
ia given to the cone, the centrifugal force will cause 
any water with which the pipes are loaded to be dis- 
charged at their upper orifice ; and if the lower end 
be immerBed in water, a column of that liquid will 
continue to flow upward through the pipe. 

This kind of pump is principally worthy of notice 
n an illustration of the mistakee which may be made 
in mechanica even by intelligent men ; for it has been 
matntaiDed by some, that as the force in compliance 
with which the water is diachai^ed is a consequenee 
of the rotation, more water might be raised Ihao 
would be equivalent to the energy of the prime mo- 
ver. Those who reasoned in thia way forgot d»t 
the centrifugal force is, in fact, Ihe force to which the 
revolution is due, and derived immediatciy from the 
prime mover, whose inlensily it therefore can never 
exceed, but will bo always as much iesa as is due 10 
t))e friction and olhor resistances. 

10. Cltam-pump. 
225. The chaiii-punip is composed of an endless 
rope or chaiu, lo which a number of buckets are b1- 
tached. TJila apparatus is passed ovef a fixed pul- 
ley, which is caused to revolve by the prime moieri 
and carries the chain of buckets with it. The buck- 
ets may he open vessels of any form, or they maybe 
merely flat boards, through ihe middle of which ibe 
ropo or chain is passed. In the former case, the 
pulley is either round or polygonal, having aides 
equal in length to Ihe Yiaka of the chain. In the i&t- 
ter case, the pulley ia a mere skeleton composed of 
six radii, between which the buckets fall, and which 
KTS forked at their extremities in order to take hold 
of the chain. In thia form the ascending branch of 




the chain passes into a barrel, which its buckets aear- 
\Y fill at the lower end, but whicli is enlarged towards 
its upper end, in order that there may be no risk of 
the huckots touching it. Tlie lower end of the barrel 
ii immerBcd in water; and, when the chain is set in 
motion by turning the pulley, water will bo forced 
into the barrel by each bucket, tlie greater part of 
which will be carried through the barrel and dis- 
charged at its upper end. A chain-pump of Ihii 
fonaw represented Fig. 71. 
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E. Poinp bami Ihrougli nbich the ■■cending hneketi rUe ; tb' 
lower buc£el enleriDK al a. uid tbe upper backel dischargiag iliA 
wilei taken np al b Ihrough the spout H. 

in n. LeTel a{ the water in tbe nservoir. 

When a. chain-pump is worked by the force oi 
men acting upon two winches on opposite sides oS 
the axis, the quojitily of water raised has been founil 
equal to three fourths of tlie meaauie of human force 
given in § 81. 

226. It is sometimes necessary to place a chaia. 

Eomp in an inclined position, in order that water may 
s discharged over a dike or hank. In this case, 
the rising branch of the chain-pump Ues in an open 
inclined channel, and the lower face of the buckets 
touches the bottom of this channel. A greater fric. 
tion than in the vertical form is the consequence, and 
the work performed is diminished to seven tenths 
of the measure of the moving power, when men or 
animals are employed. 

227. An inclined chain-pump, formed of strong 
scoops attached to a chain, and passing over a polyg- 
onal pulley, is now used in the operation called 
dredging, or the removal of loose matter from the 
bed of streams. This may be set in motion by a. 
steam-engine, or by horses. The first application of 
the chain-pump to this purpose was made by Evans, 
in 1801, on the Delaware. This experiment is the 
more remarkable, as it was accompanied with the 
Huccessful propulsion of the vessel on which the ma- 
chine was erected, by means of the steam-engine, 
not only through the water, but along the ground 
which intervened between his workshops and the 
river. 

A dredging, machine is represented Fig. 72, oppo- 
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11. Screw <>f Archimedes. 

226. Tbe screw of Archimedes may be conceived 
to be formed by wmpptng a flexible pipe around a 
solid cylinder, iii the fotm of a screw. This cylinder 
is supported upoD two gudgeons, in such manner that 
its axis shall be more inclined to the horizon than 
ihe thread of the screw is to this axis. If, therefore, 
the lower end of the apparatus be immersed in water, 
that fluid will enter at the lower openiDg of the pipe. 
If the screw be turned on its axis in tbe direction 
by which a screw is forced downward, the water 
which has entered will move along the inclination of 
the thread of the screw, and when tlie number of 
revolutions shall equal the number of convolutions of 
the pipe on the cylinder, it will have risen to the up- 
per end of the pipe, where it will be discharged. At 
each revolution an additional quantity of water enters 
the screw. 

S20. The screw of Archimedes, in its more usual 
form, is made by enclosing a spiral surface be- 
tween a solid axle and a hollow cylinder. This has 
its maximum eflect when the lower end of the cylin- 
der is immersed to its horizontal diameter. Half of 
a convolution of the spiral will be thus filled with 
water at each revolution of the axle. When the 
water in the reservoir has a varying level, it has 
been found better to omit the hollow cylindefi and 




cause the acrew la work in an open inclined channel, 
having the shape of the half of ft cylinder. The ■ 
quantity of work performed by men nnd animals with 
tlus machine is about three fourtlia of the measure 
of the moving power. 

12. Flash Wheel. 
230. The engine called the flash or fen wheel, 
may be considered as an undershot wheel having iU 



modon reversed, and thus, under the aclioa of a 
T 
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prime mover, raising a c 

hei^t. It hasthe advantage of great simplicity, and 
u attended .with little friction. Iq its best form ir ia 
placed in a channel whii'h is nearly filled by its 
Duclceta, like ihe modification of a breast-wheel rep- 
resented in Fig. 17 ; and its buckets are eo placed 
as to be vertical at the time the water is discharged 
from them into the horizontal channel which is lo 
caiTy il off. This apparatus has been for ages ad> 
vantageously used in Hallatid, for draining the suT' 
face- water off embanked meadows. In that couatiy 
it is moved altogether by windmills. In Englaiu] 
it has recently been moved by steam-engines, andi in 
late experiments, an engine of 80 horse power raiKd 
9840 tons, 6 feet 7} inches in (he space of an hour. 
This is equivalent to 39,164 lbs. raised one foot per 
minute by each borae power ; the consumptiitn of 
coala during the hour was 10 bushels. The ibrmaud 

Fig. 74. 
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character of this flash wheel may be understood from 
Fig. 74. 

231. We have given but a small selection of the 
almost innumerable forms of engines for raising wa- 
ter. Among those which remain are the Tympa- 
num and Noria« of ancient celebrity. Since the in- 
troduction of the use X)f steam, there has been but lit- 
tle need of directing attention to these instruments, 
once of great note. 

18. Hydraulic Press. 

232. The hydraulic press depends upon the prin- 
ciple in the mechanics of fluids which is called th: 
hydrostatic paradox. It thus happens, that the pres. 
sure of any column of fluid, however small, may be 
made to counterbalance that of any other column, 
however great. In conformity with this principle, if 
there be a communication between two columns of 
the same fluid, whatever pressure may be exerted 
upon the one will be transmitted to the other, in a 
ratio proportioned to the respective area of the two 
columns. 

In the hydraulic press, a small pump, with a solid 
plungery is made to force water into a cylinder of 
much greater diameter than itself, and in which a 
solid plunger is also placed. The quantity of pres- 
sure which is thus transmitted to the latter, is as 
much greater than that which the prime mover ex- 
erts upon the piston of the former, as the area of the 
former is greater than that of the latter. When this 
nwtrument is applied as a press, it has the form of 
Fig. 75, on page 220. 

233. The increase of the intensity of force by 
means of the water-press exceeds any that can be 
produced in other ways, except by a complex ar« 
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rangcment of machinery It has therefore been ap- 
plied to many other purposes than mere pressure. 
Thus, it IS employed to prove steam boilers, water- 
pipes, and cannon , to tuar up the roots of trees ; to 
draw piles, after the purpose for which they were 
driven has been accomphahed In proung cannon, 
it has been found not only to have the effect of show. 
ing any flan a which may evist m llie casting, but also 
to remedy them It has, in fact, been observed, that 
after a cannon has been made to leak under the &&• 
tion of the water-press, it has, on renewing the same 
proof after an interval of some days, become tight. 
The explanation of this is lo be fouiid in the action 
of the water forced in among the crystalline particles 
of the iron, to rust their surfaces, and thus unite them 
by a fcrruginoua cement. 

The hydraulic dock, which has been mentioned in 
§ 197, is a beautiful application of this machine. A 



PRACTICi^ MICHANICS. fi21 

pktfonn of sufficient size to receive the ship, and 
strong enough )p bear its weight, is suspended by a 
number of chauas, which are attached on each side 
of the platform to a horizontal beam. Each chain 
touches a pulley, over which it is bent when the beam 
is drawn forward, and the chains drawn by the beam 
over these pulleys lift the platform. The two beams 
are drawn forward by the great piston of a hydraulic 
press, which works in a horizontal cylinder. The 
force-pump of this press may be worked by steam. 
By means of the press a small force has its intensity 
10 far increased as to lift the largest vessel. In the 

Crt of New-Tork, vessels of 1000 tons burden have 
en lifted by this apparatus. 



In the above list we have included some of the 
more important or interesting hydraulic engines. 
The number which have been proposed or actually 
ihtroduced is so great that even to name them would 
coBoeed our limits. 

T2 



EnmLIBRHntl AND MOTION OF VESSELS. 

234. However irregular may be the figure of 
vessels intended for navigation, the theory of their 
equilibrium is easily reduced to the general prind- 
ples of Mechanica, in consequence of certain circum- 
alancea in their structure, and in the position where 
they are placed. Tt is necessary, in inveatigating the 
conditions of equilibrium, to have three planes per- 
pendicular to each other, given in space, as one of 
the conditionB of the problem. Three such planes 
are determined in every vessel : 

(1.) All vessels are so builj that iheir opposite 
aides are symmelric,andiQloadiDg£reat care is taken 
to distribute the weight e-qually. The two symmetric 
parts are divided from each other by an imagiitiuy 
plane passing through the middle of the keel. This 
is called the diametrical section, or plane of the keel. 

(2.) The vessel floats at the surface of the fluid, 
having a part of its hull immersed. This immer- 
sed part is equal in volume to a mass of the fluid 
whose weight is equal to that of the vesse! ; and this 
part may tie conceived to be separated from ttiat sot 
immersed, by a plane formed by supposing the sur&ce 
of the fluid to be produced through the body of tha 
vessel. This plane is horizontal, and perpendicular 
to the plane of the keel. 

The part immersed is called t\ie hollow of the ves- 
sel, the plane which separates it that of flotation. 

(3.) The point of application of the resultant of 
the fluid pressure which acts upon the outer surface 
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'the hoUow, ia situated in the centre of gravity of 
" displaced fluid, or in that of the hollow, consid- 
aa homogeneous. Thia force is in equilibrio 
fiOi the weight, and the centre of the hollow must 
liBrefors lie in the same vertical line with the ceDtre 
Fgravity of the vessel. Bath these points are sit- 
ited in the plane of the keel, and a plane passed 
m>ugh them perpendicular to the keel will be ver. 
leal) and also perpendicular to the plane of flotation. 
^ The plane thus passed through the two centres 
iMresponds nearly with the greatest traDsverse area 
" the vessel, which is called the midship section, 
od we may, without error, consider them as being 
^ aad the same. 

, 835. In conse(]Uence of the usual flgure of the hol- 
m, which is much fuller near the midship section 
HUi at its extremities, it happens, that, although the 
hole weight of the vessel is in esacC equilibrium 
j^h the buoyant forces, the partial weights and par- 
il buoyant forces which act upon any given por- 
^ of Uie surface of the hoilow are not in equilibrio. 
Mherefore, as is the fact, the materials of which a 
KMsel is constructed are neither rigid nor perfectly 
all fastened together, there must be a tendency to 
md under the varying action of the two forces. 
The manner in which this occurs may be under. 
Dod from the following explanation, rig. 76 rep< 
sents a section in the plane of the keel of a vessel 
'the usual figure; g is the centre of gravity, h the 
nlre of (he hollow ; if each of these forces be 
bnsidered as made up of two parts, divided in their 
btion from each other by the midship section m «, 
ie centres of action of the weight will be at points 
utdi as g" and g", while the centres of the buoyant 
irces will be at points such as h' and h", nearer to 
iie midship section than g and g", Iv.vfWi ftia^a. 



PRACTICAL MBCIIANICB. 

fore be obvious, thckt the weight 

acts at a. mechanical advantage 

i upon the arm of a. lever longer 

I ihan that on which the buoyant. 

Iforce does. The tendency to 

I bund the vessel growing out of 
cause, were we to resolve 

Ithe weight and buoyant forcei 

a greater number of partial 

Jforces, would be still more ohvi- 

For it would then be ap. 

Dparent that, at the midship sec- 

and its neighbourhood, the 

_-ant force ia in excess, while 

Qtuwards the stem and stern it ia 

i and more in defect. All 

sis, therefore, which are of 

a. figure oa to possess good 

II properties as sailerB, which we 
tlnd requires them to bo 

Hsharp both fore and aft, have a 
n tendency to bend, by rising in 
M ^—^^Jttie middle, and sinking at the 

I %. 1^1 ^^B^^nda, This tendency produces 
iI^h^^Hjq all large vessels a change of 
I figure, which is called hogging, 
I While the vessel lies upon the 
Istoclcs, and the keel is equally 
laupported throughout, the ten- 
Idency to bend does not take 

■ place; but the forces which cause 

■ it are called into action at ibe 
r instant of launching, when tho 

tl is for the first time water 
borne. Sven in this act, and be> 
e Bi^ addition&l weight in the form of equipment. 
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annamenty and stores has been taken on board, the 
bend in the deck of a 74 gun ship has been found by 
obsenration to be as much as 8 mches. The bend, 
ing force acts upon the vessel durmg its whole du* 
ration, and is the most efficient cause of the rapid 
rate at which ships of war cease to be serviceable. 
It is at any rate certain, that wood which will, in a 
good mechanical combination, retain a sufficient de* 
gree of strength for ages on the land, soon becomes 
so weak in a vessel, even without rotting, as to re- 
quire to be replaced, or the vessel to be condemned 
as not seaworthy. 

The longer the vessel and the more acute its ex- 
tiemities, the greater will be the tendency to hog. 
This tendency may be partially met in the stowage 
of vessels, by placing the greatest weight near the 
midship section, and leaving the parts near the stem 
and stern free from lading. But this method is rare* 
ly practicable even in merchant vessels, and in ships 
is war is out of the question, because their arma. 
ment, which forms a large portion of the weight they 
carry, must be distributed with uniformity. 

286. Vessels are usually constructed of a number 
of frames of timber at right angles to the plane of 
the keel. These are bound together, and the hull 
rendered water-tight by a series of planks, which 
cross the midship section at right angles, and the 
other frames at angles more or less acute as they 
recede from that section. Farther strength is at- 
tempted to be given by a series of planks, called the 
% which lie parallel to the former, on the in- 
flide of the frames. The frames and planks, in cross- 
ing each other, therefore formed figures differing but 
little frtim a parallelogram, and are under the cir- 
cmnstances or a gate without a diagonal brace, or a 
door without panels. Both of these structutoo^^a 
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is well IcDown, would apeeJily lose their original fii* 
ure, and linally fail to piecea under the ftction of their 
own weight. In the same manner, a ship lends to 
bend, aod ia finally deatroyed, by the excess of the 
action of the weight over that of the buoyant force, 
at points distant from the midship section ; and this 
tendency is not met, as in the gate, by diagonal bra- 
cing, or in the door, by filling up the frame with pau- 

The simplest mode of obviating this defect would) 
we conceive, have beea that long adopted in the gates 
of canal locks, in which the planking is ottea placed 
ia a diagonal position. In imitation of thia, it wooid 
have been sufficient to have laid the ceiling planks in 
a diagonal position, inclining downward in both (K- 
roctions, from the midship section towards the stem 
And a tern. 

Scppings, a British naval architect, in the year 
1912, proposed another method founded on the same 
principles. He suppressed the ceiling plank alto. 
gether, aubsiiluting for it a series of diagonal timbers 
extending each way downward from the midship sec- 
tion. Above the main-deck he introduced shorter 
diagonal braces, and even the planking of the decks 
was laid diagonally. 

He, in addition, proposed to introduce the principle 
of the panel, by filling every vacant space with pieces 
of timber. In many of the British ships alao, the 
frames, which have usually spaces between them, 
were made to touch, so that, by calking, ihey might be 
rendered water-tight. Thia, liowever, rather adds to 
the inherent defect of vessels. It did nol occur to 
Seppings that, in the works of nature and in the most 
skilful productions of human art, strength is gained ia 
two ways, namely, by a better arrangement of their 
materiala, and by diininisbiog their weight aa mw^ 
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18 possible. It cannot be doubted that the quantity 
of timber which is employed in the structure of a 
lessel is &r more than is suffioient for strength, 
were it skilfully distributed and arranged. Much 
therefore remains to be done towards the perfection 
of naval architecture, which, so far as resistance to 
flexure is concerned, had remained in the same state 
from its earliest origin to the time of Seppings. 

The success of Seppings's method is, notwith- 
standing, such that, in a seventy-four gun ship, the 
bend of the deck which takes place in the mere act 
of launching was reduced from 8 inches to 2 inches. 
Subsequent experience has shown the greater dura- 
bility of vessels built on his construction. 

At present, diagonal braces of iron are much used 
instead of the diagonal timbers of Seppings. 

237. The equilibrium of a vessel, under the action 
of the weight and the buoyant force, is not permanent, 
but is liable to be disturbed by the action of the wind 
upon its sails, or by the oscillations of the fluid on 
idiich it floats. Now the centre of the hollow lies 
in all cases below the surface of the water, and the 
centre of gravity is most frequently above that sur- 
face. The point of support being thus below the 
point at which the weight acts, the condition would 
be that of tottering equilibrium, were it not for the 
circumstance we shall explain. 
■Jbi the vessel whose midship section is represented 

a, 77, the respective centres of gravity and of the 
o^ are at the points g eiudh. Let us suppose 
Ifae vessel to be inclined in such manner that the level 
sf the sur&ce of the fluid no longer corresponds with 
the line a &, but with c d. It will then be obvious, 
Jiat while the line of direction of the centre of grav- 
tj has dianged in its relative position in the vessel 
iom g eto g ffthe centre of the hollow will havtt 




moved outward towards the aide b d. If it have 

changed ita poaitioa to a point such as k", which ia 
more distant from the plane of the keel than the line 
of direction gf, the buoyant force will act at a me. 
chanical advantage over the force of gravity, and the 
vessel will tend to return to her original position. 
But if the point h' fa!! in the line gf, llien the two 
Jbrces will still counterbalance each other, and there 
will be no tendency to return. If, again, it should 
fell between g f and g e, the weight will act to a 
mechanical advantage, aad the condition will be that 
of tottering equihbrium, under which the vesael could 
be upset. Il will easily be aeen, that by a proper 
construction of vessel and distribution of the cai^, 
the first of these conditions may be attained, namely, 
that when the vessel is caused to incline by the ac< 
tion of an extrinsic force, the buoyant pressure of the 
water may for a time be made to act more forcibly, 
and thus the veasel be caused to return to her primi. 
live position ; here the two forces are again in cqui- 
librium, and thug the veasel will continue to perform a 
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t of osoilialions from side to BJdc, tin act which is 
rolling. When the disturbing force is that 
.ewind acting upon sails, Ihj return towards the 
_inal position ia aided by the fact thai the wind 
■ leas directly on the sitila when the vessel is in- 
lined, uad its centre of aclion ia nearer the horizon- 
luriace, in consequence of which its intensity is 

as upon a lever of a shorter arm. 
[t may, however, happen, that in any vessel what- 
■er, the effect of the wind on the sails may be 
I, tliat if they do not themselves give way, the 
k1 wiU be carried beyond the point at which the 
e motions of the centre of the hollow and of 
e of direction of the centre of gravity will.fu). 
required condition. From the position, al- 
t vertical, in which the timbers on which the 
I lie are now placed, ihc vessel is said to be 
1 her beam-ends, and has no longer any 
Micy to return to an upright position. There is, 
, remedy which is within reach. The 
condition of stability will be resumed by lowering the 
position of the centre of gravity, and this may be done 
' f getting rid of the weight of the masts, sails, and 
For this purpose it ia not necessary to cut 
: masts. These are so large that their re- 
e strength is not sufficient to resist the action 
weight. They would therefore break 
a a horizontal position, were they not 
lened by the cordage imown by the nante of 
It is sufficient to cut these on the upper 
e mast, and the latter, being no longer sup- 
id, will give way, 

~ , la the act of rolling, the centre of the hollow 
M aroiuid a point which is called the metaceti- 
1 the greater or less stability of the vessel will 
d upon the position of this point. The highei 
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ttiis melacenire is situated, ihe greater ll 
Tbe metacentre may be raised, and the slab! 
banccd, by increasing the breadlh of beam, 
making (he extreme breadth of the vessel lif 
than the level of the surface of the water. 1 
bility may also be increased by lowering the 
of the centre of gravity, when this can be dm 
out increasing the weight with which the T 
Joaded beyond proper limits. When,howeve 
■Bel is so deeply laden that the draught of w. 
•coeds half the breadth of beam, or when the i 
breadth is immersed, the advantage derived fi 
source ceases. 

Analysts have shown thnt the stability 
greatest when the curves drawn on thcbottor 
vessel are circles whose centre lies in the ] 
Kpplication of the disturbing forces, Thii 
cannot be gjven when the disturbing force is 1 
applied to sails, but may be used when the 
tions are prine^lly due to the waves. Fi| 
•this description are to be found in portiont 
Tind of a cocoanut or of the akin of an oran| 
these, when thrown upon the water, will ft 
■their pointed ends upward, whatever be the ' 
of the winds and waves. Upon this princi 
Greathcad constructed Mm life.boat, of which 
is a draught. 

This vessel, it has beeo found, cannot b( 
Nor can it sink, because all the space bene 
seats, and at the how and stem, are filled 
cork, which has :So little density that the li 
when loaded with as many persons as it cai 
and when all the vacant space is filled wirti t 
-0till buoyant. AirvcsSela might be subslitt 
■cork, but arc liable to injury ; and a patent 
(cently been taken out for using vessels flileil i 



1 


■ lUCTtCAl, uxcmNics. 


«s» 


i. 


^^H 


RmS^I 


■. 


Dg 

fne 
for 
of 

leb 
ith 
Ian 

1. \ 
■ 


B, in order to render a life-boat 
lod, however plausible, ia of 111 
the difference between the weigb 
ommon air and hydrogen, howe 
denaities, does not bear a aufficier 
B whole weight of the vessel, to n 
difiefeoce in its buoyancy, 
rheo a vessel has maata and sails 
sous to increase the stability beyo 

k 


buoyant. 
B or no 
softhesB' 
er differ. 
t propor. 
nftke ai^ 

it is not ■ 
nd a gbB> ~^M 



233 PKACTICIL UKCHANIC8. 

taio limit, because in ihis case ihe motion of rolling 
will be perfonned with a degree of violence whicb 
may carry away the masts, or may even cause the 
vessel to founder. With on equal degree of stability, 
the act of rolling may be performed in difierent times, 
and, the more slowly it ia performed, the less will be 
the danger with which it is attended. The centreof 
gravity and the quantity of the vessel's lading re- 
maining unchangtKl, tha velocity of rolling may be 
lessened by stowing the weight as far as possible &om 
the plane of the keel. A knowledge of this fact has 
led to some important improvementa in seamanship 
and in naval architecture. Thus, in ships of war, it 
is no longer customary to house lite guns, as it is 
styled, or draw them in board for the purpose of 
shutting the ports ; but ihc ports have holes in ihcm, 
and are fitted with tarpaulin cases, in which the nuz- 
zles of the guns are enclosed. So also the transverse 
section of large vessels has been in some cases 
changed, and always with advantage. These sec- 
tions formerly, after rising to their cxtrcnte breadth 
a short distance above the load-walcr-line, fell rapid- 
ly inward, forming a concave curve. In the U. S. 
ship Ohio, for the first time, ihia method was de- 
parted from; and, although the width of the spar- 
deck ia less than the extreme breadth, the diminution 
is effected by means of a convex curve. 

The dangers arising from too great a degree of 
stability were well illustrated in the case of two 
Spanish ships of war. That nation, by the q>plica- 
tioa of scientific principles to naval architecture, had 
reached a degree of perfection which the French and 
English despaired of. As an instance of this, we 
may cite the fact, that when the French had alinOBt 
abandoned the attempt to build three-decked ahipa, 
and those constructed by the EkigUsh were so in». 
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' in ibeir quditiea aa sea-boots, that the model of 

(the Victory) which had been approved in ser- 

preserved by continual rebuilding, the 

were successful in building a vessel of 

' decks. Among the vessels built at this period 

Spain were two of two decks. These never lefk 

B port without being compelled to return dismasted 

' the first gale of wind. This defect was remedied 

' converdug tbem into vessels of three decks, by 

>hicH their excess of stability was diminished, and, 

itb it, the violence of the rolling motion. 

In our steamboats, the engines and boilers are 

jtlen placed on the wheel.guards, while the English 

'*~ve taken great paina to place these heavy weights 

low and as near as possible to the plane of the 

si. It may be doubted whether the practice of the 

nericans in this respect is not superior, even in 

K Ingoing vessels, inasmuch as the rapidity of the 
liDg motion is increased in steam<vesse!s by the 
ttsening of the length of the masts and of the qtian- 
' ' of sail, and therefore requires to be counteracted 
raising the weight carried in the hull of the vea. 
'a. At all events, it must be admitted, that if the 
i,nierican practice is erroneous in diminishing the 
Ability, the English method is not less so in increas. 

Bl the violence of the rolling motion, and the most 
vantageous position of these weights will probably 
I found between these two extremes. 
340. Vessels are also liable to an oscillating ma- 
in in a direction from stem to stern, which is called 
litching. By this the vessel may be readered wet, the 
Its and rigging may be strained or carried away, 
there ore even cases in which it has caused tlte 
kI to founder. In consequence of the great pro- 
irtioit which (he length bears to the breodlli of the 
these wcillftiions are more inAueoced by Ha^ 
U2 
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warea ihaa by the winds. While danger 
the act of rolling from too great a frequency in tbe 
OKillaliong, ihe danger of pitching la increased by 
the extent of the arc in which the motion is perform- 
ed, and lessened by increasing the number of oscil- 
lations in a given time. In order to mitigate the 
violence of pitching, the weight in stowage ought 
therefore to be placed as near as possible to the mid- 
ship section. In the building ana rigging, all heavy 
mssaes near the bow and etem are therefore to be 
avoided. In conformity with this rule, the heavy 
figurc-heada, quarter-galleries, and poops, with whi^ 
sWps were formerly encumbered rather than embel- 
lished, are now omitted. 

341, So long as avessel remains at rest, the pre*-* 
sure of the fluid acts upon it equally in all directioni ; 
but, as soon aa it is Bet in moticHi from any cause, a 
reeistance is opposed to its progress. In a given 
vessel, this resistance appears at first to follow the 
law which is usually staled as that of fluid resistance, 
namely, that of the square of the velocity. As the 
velocity increases, a new cause of resistance appears. 
This is owing to the fact that a wave is usually raised 
in front of the vessel, while the fluid does not close 
behind it, and thus the propelling force must be in 
part exerted to raise the vessel up an inclined plane. 
This cause of resistance is stated by Juan to follow the 
law of the fourth power of the velocity. By mors 
recent investigations, it seems to have been proved, 
that when the wave mores in the fluid at the sams 
rate with the vessel, this rather aids than opposes the 
■motion. The velocity of this wave depends upon tho 
magnitude and figure of the channel ; we cannot, there- 
fore, state any general rule by which it is governed. 

The resistance to the progressive motion of a ves- 
sel is greatest when the prow is a vertical plane. 
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In the vessels recciilly built in the port of Nci^ 
York, models founded on thia principle have beoq 
adopted. The floor is nearly level from stem to 
stern, and the midBbip seclion is aa nearly rectongu. 
lar as is consistent with the proper connexion of thq 
limbers which compose the frame. These vessda, 
therefore) draw much less water ihan those of the 
old construction, but, to the surprise a( nautical meoj 
they have also been found better sailors. 

242, Vessels may he propelled by the wind act- 
ing upon sails ; by the (brce of men acting upon oars 
or paddles ; or by the steam-engine, acting usually 
upon a wheel resembling the undershot water-wheel. 

243. When the wind acts upon sails, it is thrown 
eff in consequence of its elasticity, and the direclion 
of the resulting force is not that of the wind, but at 
tm angle formed by a line biseciiug the directions of 
the direct and reSected current of air. Were ihe 
surface of the sail a plane, and were the reflected 
current not aCTected by the succeeding portions of 
the direct current, this line would be perpendicular 
to the plane of the sail. It is impossible to take into 
account tiie deviation wliich b due to the action cf 
the direct upon the reflected current, and we shall 
therefore assume that the direction in which the wind 
tends to impel a sail is perpendicular to its surJece. 
In this direction, the vessel, if its water-lines wore 
circles, would be caused to move, provided it could 
be maintained in that course. But the force of &a 
wind also tends to make the sail revolve, until it come 
into a position perpendicular to the direction of the 
wind. It wilt therefore require some apparatus to 
prevent the vessel from obeying this tendency to 
revolve. The horizontal section of vessels at the 
level of the water is &r from being circular. The 
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sroporttoQ of the length to the breadth is rarely 
fess than 3 : 1, and usually greater. The bow forma 
an acute wedge, the direct progress of which ia 
but little resisted, while the resistance to a lateral 
motion is little leas than would be auataincd by a 
plane surface. It happens, Iherefore, from the tea- 
dency of the sail to move perpendicular to its own 
surface, and the great excess of the resistance to a 
lateral motion, that even when the wind blows per. 
pendicular to the plane of the keel, the course will 
not deviate much from Iho direction of that planoi 
which is hence assumed lo be the actual course of 
the vessel, and any deviation from it is applied aa a 
correction under the name of leeway. The lee- 
way decreases with an increase in the length of the 
vessel and of the draught of water ; it is also less in 
tharp than in full. built vessels. It is greatest when 
the angle the direction of the wind mokes at the bow 
with the plane of the keel is least, and becomes 
when the wind is directly all. 

244. Vessels may be divided into two classes. In 
the first, the most important sails are attached to 
yards, whose primitive position is at right angles to 
Ibe masts and to the plane of the keel. Such ves. 
(els are, in consequence, said to be square rigged. In 
Ibe other class, the primitive position of the principal 
mHs is in the plane of the keel. In the first class, 
the yards may be braced round until the angle they 
make with the plane of the keel is diminished to 
45°, or even to 40°. In the second class, the sails 
will not receive the wind in such a manner as to 
be impelled by it until ihey have deviated from the 
plane of the keel to an angle of more than 20°. In 
both cases, the angle which the course makes with 
the plane of the keel, without allowance for lee. 
way, may be considerably less than B0°, and may i I 
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be taken in many fore-and^ rigged yesaeli tb ^w* 
less than 46°. Whenever this angle ii less than 
00°, the vessel, in its oblique course, approaches 
PifrM. 
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irds the point whence the wind appoars to Wow, 

aaid to beat or pty to windwckrd. Itmaythua 

ippen that, by pursuing two oblique courses In sue* 

esion, a vessel muy reach a point wheoee the wind 

■il^peared to blow when it set out. 

r* In Fig. 80, the wind is represented aa blowing 

Vtrem the north. The lower of the two fore-and.aft 

[A^ged vessels may therefore pursue a course due 

northwest, and, on coming to the point marked N W, 

nfeay tack, and thence puraue the course oil which 

Mie upper vessel is represented as proceeding, to ttie 

irtheast. 

Id plying to windward, a part of (he velocity of 

e vessel, if resolved into two components, is in di- 

Bt-Oppositioa to the velocity of the wind, and the 

P^ocity with which the wind strikes the sails is th^ 

Um of the two. Hence the action of the wind in 

Hflique courses is in used, and the velocity of tb« 

aael with it. Wii the last velocity the reaistan* 

s increase also, an.i in a higher ratio ; henoe there 

K limit to Che increase ; but the eingukr results 

e thus reached, that a vessel of good construction 

sll ply to windward on two courses to a given 

eitit, in leas time than it can return before the wind 

ad that the velocity of the vessel in beating may be 

|reater than that of the wind itself. 

' Both of these fects were observed by Juan on the 

"iipy between Cadiz and Matagorda. 

When before ihc wind, on the other hand, the ve- 
Ity through the water can never equal thai of the 
id ; but, aa the course becomes more and more 
IJbblique, the velocity of a well-moulded vessel will 
rease up to a. certain point, when it will again 
inish. The position of maximum velocity in ft 
are-ri^ed vessel of good figure, is usually that 
which the direction of the wind is at right angle* 
to the plane of the keel. 



I 

340 PKACTICIL UBCRAHICI. 

The method of plying to windward was, b all 
probability, unknown to the ancieuls, and was, as il 
believed, introduced in Europe by ihc navigatora '' 
Anialfi, in Italy. To this day it does not s 
be known to the people of China and Japan, 
remarkable fact, that while these comparatively ci 
ilised nations are deficienl in this poiat of seaman- 
ahip, a rude people, the natives of tho Ladrone Isl- 
ands, in their neighbourhood, were found in poases- 
eioD of the moat perfect vessel which has ever beeo 
contrived for this purpose, and which, from its prop- 
erties of sailing, has been called the flying proa. 

The body of a flying proa resembles that of a ves- 
sel which has been cut in two along the plane of the 
^ keel, and having this plane planked up. It thus pre- 
sents a surface which is only resisted in its progress- 
ive motion half as much as that of a vessel of the 
usual form, and having an equal midship section. As 
it could not remain upright with a figure of tliis kind, 
there is a long outrigger formed of spars, which pro. 
jecta from the curved side, and is terminated in a 
solid piece of wood fashioned into the form of a vessel. 
When ths vessel lends to incline in this direction, the 
buoyancy of the outrigger opposes the inclination ; 
and, should the wind tend to incline it in the opposite 
direction, the weight of the outrigger produces a 
similar effect. The proa, therefore, floats with lit- 
tle variation from an erect position. The plane sur- 
face is, on an oblique course, turned towards the 
wind, and, in connexion with tho outrigger, opposes 
such a resistance to leeway as to render it almost 
insensible. The sails are triangular in figure, and 
will draw at a leas angle with the wind than those of 
any other vessel. This advantage is partly gained 
by an arrangement siniiSaj; to that of the sails of the 
Chinese. This consists ia a number of slender rods 



I 



PIACTICAL MBCHimca. iil 

tnbAed kloag the aaii in a horizontal direction, 
ij whdch the sail la prevented from awuUiDg or beU 
^ing except in the vertical direction. 

In connexion with Uiis Laal circumatance. it may 
ke ■tated llint the sails of European vcbbcIs were for. 
Beriy ao cut ae to permit them lo bog or belly con. 
■deivbly. A better practice ia now in use in thia 
eouolry, where they are cut to lie oa flat as possible ; 
and, in order to enaure tliia, in fore-and-aft rigged 
imiilii. tha sail ia not merely fixed at its two lower 
SvaeiB aa formerly, but is tied down to the boom at 
Aart intervals. 

The periai^a used in the waters of Now.Yorlt 
tad Nsw-Jersey has also excellent qualities in ob. 
^na courses. Its name would seem to import that il 
ia in pari borrowed from the pirogne of the Indians. 
Bnt the great tendency which its canoe shape uul 

(WohM draught of water would give it to leeway, 
ii eoHBteracteii by lee-boards, which are borrowed 
ten the Dutch schayt. For these n sliding keel or 
OTalTe>board is now usually substituted, and the 
abipe of the hull approaches more nearly to that of 
oOmt yessels. 

Tfae pilot-boat schooner of the United States, how. 
erar, appears to combine a greater number of good 
^tnlitiea, of which its capacity of lying near the wind 
is but one, tiian any other vessel. 

946. The direction of a vessel on an oblique 

ODUTse ia principally maintained by the trim of the 

nib. When these are so distributed that the sever- 

d actions of the wind upon them are in equilibrio 

BToimd the vertical axis of ihe vessel, there ia no ten. 

dency to a change of course. Such a trim ia, how. 

I vrer, never practised, because it is posaible that, in 

k riillqne courses, the action of the wind may become 

■ nScieot to upset the vessel. When a vessel is ri^ 

L 
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ged with square sails, security from this danger Is 
best attnincd by turning the head of the vessel from 
the direction of the wind. In this case the vensel is 
said to bear away, and the sails ought to be ao trim- 
med [hat there shall be -a constant tendency to thia 
change of courae. In fore-and-aft rigged vessels, 
security from this danger is best attained by turning 
the head towards the wind, until the sails shake r thty 
are then said to luf. 

The tendency to bear away or to luff in these two 
cases requires to be counteracted. This is done by 
the action of the rudder. The rudder is a flat body 
of wood hung upon the stern-post. When a vessel 
is in motion, a current of equal velocity sets along 
both sides. If, now, the rudder be caused to change 
its primitive position in the plane of the lieel, it in- 
terrupts the flow of the current on the side towardi 
which it is inclined, and by this interruption causes 
the vessel to turn on its vertical axis towards the nda 
on which the rudder is protruded. The rudder aim 
serves to change the direction of the course of ve«« 
sels. It would- appear, from an analytic investiga- 
tion, that if the surface of the vessel were a plane, 
the rudder would produce the greatest effect when 
it makes with that surface an angle 54° 44'. But, 
in consequence of the wedge-like shape of the stem, 
the most advantageous angle with the plane of tho 
keel is found in practice to lie between 45° and 46°. 

The figure of the water-lines towards the atern, 
which we have staled ought to be concave curves, is 
also advantageous to the- action of the rudder. Ves- 
sels having such curves are said to be clean aft, sjid 
they always steer easily. 

It will be obvious, from what has been said of the 
mariner in which the rudder acta, that it has no ef- ' 
feet when the vessel is not moving through the water. 
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246. Vessels in plying to windward may change 
their course in two different ways, called tacking, and 
veering or wearing. In tacking, the head of the 
Tessel is thrown towards the wind by the action of 
the rudder, until the direction of the plane of the keel 
is the same as that of the wind. The sails shake in 
this position, in fore-and-afl rigged vessels, and are 
taken aback, in square-rigged vessels. By these 
means the velocity of the vessel is lessened, and, 
fhould it be altogether destroyed, the manoeuvre can- 
not be performed. But if sufficient velocity is left 
to cause the vessel to obey the rudder, the action ot 
the wind on the sails is caused to aid in the comple- 
tion of the manceuvre. This is done by keeping the 
head-sails in the position in which they were before 
the tack commenced, while the sails abaft are either 
permitted to obey the impulse of the wind, or are 
trimmed, by bracing the yards around, to receive it 
from the opposite side. Finally, the head-sails are 
either permitted to obey the impulse of the wind, or 
boraced round. 

AiEter the tack is performed, the vessel will be 
■lome time in regaining its previous velocity. Du. 
.iJDg this time, the course of the vessel by the com- 
pass, or as ofa«erved from the shore, will be continu. 
ally changing, although the apparent angle of the 
wind with the plane of the keel, as observed in the 
■TeaseU will remain unvaried.. This is owing to the 
&ct that the apparent direction of the wipd is that of 
the resultant of its own velocity and that of the ves. 
ieL This circumstance is peculiarly worthy of no- 
tice, inasmuch as the observation of it led Bradley to 
his brilliant discovery of the cause of the aberration 
oi the fixed stars, aad thus to a direct proof of the 
revolution of the earth around the sun in an annual 
orbit. 
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Vessels rigged fore-and-aft aro more certa&i t 
perform the upcrationoftacking than those which aie 
square-rigged ; fosi.Bailing and sharp-built vessels do 
il belter than those which are fuU-buiit. Theopen- 
lioa is impeded by waves, and hence ships seldom Te- 
fion to it at sea, and more porticuiarjy in naval ac- 
tions, because a failure to complete it, or, as it is caJled, 
missing stays, leaves the vessel for a time helpless. 

247. The manceuvrc of veering ia performed by 
turning the bead of the vessel from the wind, trim, 
tniog the sails to correspond with the revolution until 
the plane of the keel makes the same angle with the 
wind OS before, but on the opposite side, in the act 
ef tacking, the sails ahake or are taken aback ; in 
the act of veering, the saib are kept full, and the ve«- 
eei is for an instant esaclly before the wind. The 
act of veering is performed with greater facility by 
Bquare-rigged vessels than by fore-aad-afl, and ^ 
abort vessels than by long ones. 

The flying proa, of which we have spoken, does 
not change her course by either of these methods, but 
does it partly by a portion of the manceuvre of veer- 
ing and partly by changing the position of the sailt, 
■o that the part of the proa which was before the 
Htern becomes the bow. This method is practicable 
in this case, because both ends are exactly alike, and 
the mast, which is stepped upon the outrigger, is 
equidistant from tbem. 

218, Vessels, generally speaking, sail best the 
more nearly they retain a vertical position. Indeed, 
this is always the case, except when, in giving them 
Blability, the violence of rolling is increased. Hence, 
In increasing the area of the sails in a given vessel, 
It is better to do il by increasing the length of the 
yards rather than that of the masts, for the action i^ 



F 



PRACTICAL MECHANICS. 2i5 

a wind of given force to prope! the vessel depends 
jQpoa the area of the sails, while that which tends to 
.overturn the vessel depends on the distance at which 
,lfae disturbing force acts, as well as upon this area. 
249. The masts of vessels ought in most casea to 
-be vertical, leaning neither towards the bow nor to- 
wards the stem. In very sharp vessels they may 
4ean towards the stern, for in that case a part of the 
farce will be exerted to prevent the vessel from bury. 
■tag itself loo deep in the act of pitching. When the 
■Irind acts from abaft, its action will generally be in 
lUrt exerted to depress the bow. Hence vessels are 
■OBualty so constructed and loaded that the draught of 
''water shall be less at the bow than at the stern, and 
''Bearly all vessels sail best when this is the case. 

1 250. When vessels are propelled by steam, the ap. 
^fftratus which is now used, io the exclusion of all 
^thersi, is a paddle.wheel, resembling, in its general 
^rm and construction, the undershot water-wheel. 
this it must, however, dilTer in the number of ita 
; for while in the undershot wheel the number 
floats should be such that four may be immersed at 
e time, no more than two should be immersed in 
le paddle-wheel. The reason of this difference is, 
It in the undershot wheel the action of the water 
11 be increased by obstructing its flow past the 
fheel, while in the paddle-wheel it is advantageous 
' at the wheel should strike against water which has 
>t been disturbed, or disturbed as little as possible, 
' the preceding paddles. 

Paddles placed at such distances from each other 
lite a wheel meet with a resistance from the water 

Rhich is continually varying. The motion of the 
heel would thus be rendered even more irregular 
ijhan it would under the varying action of the steam 
■ X2 
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on the piston of the engine. The action of the <( 
ilseif as a fly does not compensate these irregofeA 
ties. In the earlier and more slowly.moving Bteai: 
boots, it waa therefore found expedient to make O 
irf a fly-whed, driviwi with a velocity greater than 
thai of the paddie-wljeei. In more rapid moUow 
this was less necessary ; and a motion has finally been 
obtained, subject to no greater inef^ualiliea than tkb 
inertia of die wheel itself is capable of conlrolUogi 
This is done hy the ivheel of Stevens, whose goi^ 
tttrnction may be undorstood by supposii^ a common 
padifle-wheel to be sawn into three equal porlioaii 
>di<rided by two planes perpendicdar [o the axis, and 
that two of those portions are moved backward uatil 
the arc intercepted beitween two of the original paddles 
is divided into three equal parts. The number of 
Wipulses given by the wheel is therefore tripted, and 
each has only a third of the original intensity. TliB 
paddles do ncit follow in each other's wake, and hencb 
each enters into water which has been but little dis. 
turbed by' the preceding paddles. This method ap- 
j>ear3 to possess advantages over the method used \ff 
the English, in which the several paddies are each 
divided into three parts, by cutting them in a direc- 
tion parallel to the face of the wheel. 

251, It has been attempted to cause the paddle tb 
ei^ter the water in a vertical position, and continue 
in such a position during the whole time of ita im. 
mersion. This attempt has been founded on the iu. 
pression that the action of the paddle was most^oW. 
erfui under such circumstances. Actual observadoii 
has shown that this impression is incorrect ; and 
Barlow has demonstrated conclusively that the max- 
.iinum of tho effect of a common paddle-wheel cloei 
AOt occur when the paddJe is vertical. 

The theory of the action of paddle-wheels has triH 
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Stttis&ctorily solved by analysts. This is part. 
'owing lo the imperfection we Imve remarked in 
" theory of the engine itself, which has nothitlierto 
any regard to the rJiiTerence of pressure of the 
im upon a piston when at real and when in mo. 
1, and partly to the want of a ialiafactory ana- 
s expression for ihc action of ilie wheel on ihe 
er> The theory has therefore led lo a codcIu- 
1 which is contradicted by all the tacts, and in th« 
of TradgoM to one which is roanifeetly absurd, 
firat of those conclusioiu is, that the relation 
n the velocity of tha vessd and titat of the 
eri is a constant quantity, or may be expressed t^ 
'finntula 



e feet, 'obtained by a con^riaon of the rates n( 
y Teasels, and of the same vessel mored wiA 
3 varyhiig in the ratio of S : 1, is, that the diF- 
^^ V between these two velocities, or the relatiTe 
tocfty of the circumference of the wheel is, ia 
'b of similaT form, a constant quantity. "Hiis 
!t may be represented by the expression 

V— s='n. 

Kbsordity into which Tredgold has been led 
le Btatement that the velocity of a given vesBCd 
lUgh tiie water will bo different according as it 
'68 with or against the current. Now if we con. 
r a vessel to be in the first place abandoned to 
Wreawi, it will speedily acquire the velocity of the 
and be at rest relatively. If, now, the es- 
bevet in motion, the velocity in relation 
er wiH be the same in any direction witatevef, 
the Bame result will be reached, even if 



i^tatevef, A 
the VEV- M 
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sel be aet in motion on leaving a fixed fastening to 
tho shore, by which a current is moving. The vb. 
lociiy, whicli we have stated as conslunt in simitar 
wheela, varies in dilTerent wheels, according to tha 
depth they are immersed in the water, and the num. 
ber of paddles which occur on their circumference^ 
from 6.8 feet to 6.8 feet per second. 

253, In the usual theory it is assumed that the re. 
sistance is, in all cases, proportioned to the squares 
of the velocities. lience the power of the engine 
ought to vary with the cube of the velocity, and the 
expenditure of fuel, in passing through a given di*. 
tance, with the squares of the velocities. The expe- 
rience of American engineers seems to prove thst 
this assumption is not true at the higher velocities. 
They have found that every increase in the rate of 
the revolution of the wheel, has been attended with 
Oil increase, not proportioned to it, but absolutely 
equal, in the velocity of the vessel. If this be true: 
the measixre of the resistance to a given vessel is 
constant, tike friction ; the expenditure of fuel in b, 

Siven time should be as the velocity, and, in passing 
■rough a given distance, constant. The nominal 
power of the engines should increase simply with the 
velocity, and (he increase in the action of the prime 
mover be applied to increase velocity only. We are 
aware that these principles appear startling to Euro- 
pean engineers and mathematicians, and have already 
undergone their censure for having stated them. Ac- 
tual experiment can alone decide between us. 

In the mean time, we may cite European experi- 
ence in relation to the motion of boats on a canal, 
which in some measure bear out our conclusions. 

In experiments made on the Paisley Canal, two 
.horses drew a passage-boat, weighing, with her load* 
Si ton*, at the rate of 10,363 miles per hour, and 
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alerted a tone in draught, meaHured by the drna. 
oometer, of 295.16 lbs. NDw,taking for a basis erf 
dlcnlalion that a horse, exerting a force in draught 
Of Wef lbs. IB capable of drawing a weight of 30 toni 
whh a velocity of 2J- miles per hour, the force ne. 
CMBary to draw 3J lona at the above Yclocity, If the 
mistaocc increased with the square of the velocity, 
o'l^ht to have been 746.6 Iba. Up to ihia limit, how. 

(rrer, the resistance increases in a ratio greater than 

(hat of the aimple velocity ; for, calculated on that hy. 

poQttas, the measure ahould have been no more than 

loo lbs. 

It in obvious that much remains to bo done, not 

BnlyiD the theory of the application of steam tonavp 

teaiiaR, but in the investigation of the experimental 
.mwB which serve as its bfLsis ; and it is unfortunate 
'Aat no experiments have yet been made at veloci- 

Ks greater than the leoat which are now ever gives 

f> Rteamboau.* 

> Aocoiding to the theoty which i« nmr m<iMj ncsited : 



1(9.1 The retatiie vglocilT of II 
"i the diminution of ' ' 
action of the 1 
hii nlsUve yt 
i The jKiwer of the engiae miut vaiy with the Brea or the 
Bahili Mction. with the cube of tbevnlocity.inil w " ' 

M D( Ibe reUtion he ■"- '-'-'-' '- 

-Riwiited by unity. 
It.) The velocity is directly propotlloned lo the cube tool of the 
R of the en^ne, and invsnaly to Ihe cube root of the im of 

. nilbhip section. 

Kf^S.) From tbeee lavra an eipresaion hu been deduced for the 
m Wocity lo be attained in tbe aietsge of Tesaels by a given power 
KriNl«i>e. Thii ta 



ind with Lhenuare 
>n end the padillea, 
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253. lo the construction of ateam-veBscla, vhuA 
are not tDtecded to navigate the ocean, the only point 
which ia of iinporlance in their models is to give them 
the figure of least resistance ; and the most impor- 
taat part of this resistance is the wave which teada 
to be raised in front of the vessel, taken along with 
the depression which is caused in the wake. Our 
builders have sought this figure by continuol experi- 
ment and observation, adapting false prows and slertu 
to the vessels, and noting the eCTects they produced. 
The practice derived from this course of experiment 
is so successful, that there are vessels in our waten 
which throw up no sensible wave, and leave no de- 
nresalon behind ihem. This was the case with the 
New. York, which was recently destroyed by fire. 
In sea-going vessels, this advantage must probably be 
sacrificed, in order to obtaii(,others which are of more 
moment. These are slrengtii, stability, and security 
from the injuries produced by pitching and rolling 
under the action of the waves. As yet, at least, the 
qualities of speed and safety at sea have not been 
found compatible. 

Supposing that it were true that there is a constant 
relation of the velocities of the vessel and the wheel) 
the maximum velocity of a steam-vessel, if that sta- 
ted for the paddle be the limit, would be about 13 
nautical miles per hour. Our American ateam-ves- 
Bela, however, have considerably exceeded this the- 

254. An engine, of the structure which has been 
descrilied, requires to be modified before it can be 
used in navigation. The cold.water cistern ia dia- 
penaed with aa lessening the buoyancy of the veaael. 
In lieu of this, the condenser has been increased in 
volume four fold. The water of condensation is in- 
troduced into the condenser by meana of a pipe pass- 
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faigthlroagh the bottom of the veaiely in which the wa- 
ter rifles as high as the water without. The surplus 
of water from the hot-water cistern is discharged 
tiirough a similar pipe. The boiler can no longer 
be set in masonry ; hence the furnace is formed by 
die metallic sur&ces of the boiler, and the flues pass 
tiuough it. 

In American steamboat engines, the connecting- 
rod has been lengthened, and Uius acts with less ob- 
Hqtnty ; the stroke of the piston has been lengthened 
abo^ and thus the crank is made to act upon the 
wfaaal at a more fitvourable point ; for it is obvious^ 
that it is only when it acts at a distance from the 
axis of the wheel, which is equal to that of the centre 
of pressure on the paddle, that the two forces exactly 
oounterbalance each other, and that none of the force 
of the prime mover is wasted upon the axle of the 
wheel. It would be impracticable to make the crank 
of sufficient length to attain this most advantageous 
position, but the more nearly it approaches to it the 
better. 

In the English engines, from a desire to keep the 
weight as low as possible, the comparative length of 
the stroke has been lessened. The crank is there* 
fore applied to a point which is less favourable. In 
the American method, too, it has been possible to 

S've a greater mean velocity of the piston, because 
e dead points recur less frequently. 

In order to secure this last advantage, the area of 
the steam-pipes and of the valves has been much in- 
creased ; thus the velocity of the pistons of the 
American boat engines has been raised, from the old 
limit of little more than 200 feet per minute, to near- 
ly 600 feet. 

255. Paddle-wheels cannot be used upon canals, 
fad consequence of the great agitation they produce 
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ID tbe vMet, and consequent injury lo tke b«ak& & 
baa been proposeii in France, by Tour&ase, to Rppll' 
«l«ain to vessels upon canals by tneBus of a chats 
sKteDdiog aJong the bauom from lock to toek. ThJB 
t* lifted, end wouod around a barrel placed on tbs axle 
oTttiB crank. By the revolutioQ of the axle, tbe ahait 
is drawn in from the bow of the boat, and dladmr^i 
IB the apposite direction. In this wayt the whole 
fiwce of tbe ateam.engiDo niU be employed in the 
draught. The ^reat ol^ection to the method lies ia 
the original coat of the chains. In passii^ sbart diB> 
teaces, as upon a ferry, this objection does not ap^f, 
ftod this i^aa h^ been recently aucceasiully luei 
t^n a ferry ia England. 

We have recently seen a great improvcnient <M 
thn metliod, by Mr. Leavenworth, of New.York. H« 
has ascertained, that the mere friction of a chain M 
tfas bottom of a cacai ia sufficieBt to propel a boal 
along it. He theretbre makes use of aa endlew 
efa&in, extentUng from near the bovi's almost to the 
stern of the boat. This is set in motion by an axle 
moved by the steam-engine, and while ooe twanch of 
Iks chain ia carried along with the boat, tke oCher 
drops on the bottom of the canal. This ^tparatut 
has been used viitk socoeia upoa tbs MoTiis Canal. 



PRACTICAL MECHANICS. 



ID IN MANnFACTUHES. 

Machines uaed in manufactures may be 
d by any of the great natural ageola. Tlie 
ret of men, of animals, and of the wind, have beea 
', and arc still occasiooalty employed; but water 
(lug upon wheels, and the steam-engine, are better 
ited to all cases in which regularity and perma. 
ncy of action are required. Up to the present 
pe, the force of water is regarded in the most &- 
Brabie light in the United States, but it may be 
leaUoned whether this prelerence be well founded, 
ifaofle districts of our coimtry where there is at 
Ment a surplus population applicable to manu. 
ituring purposes, fiiel is dear, and water-power is 
undant ; it is therefore considered as the moat 
aomic. But water is, at best, an uncertain power ; 
machinery may be prevented from working, not 
lyin seasons of drought, but by the fulness of the 
the dams and races by which the power 
ed are liable to injury and deatructioa by 
Water-power must also be sought, and the 
ufacturer must leave all other consideratioha 
It of view in choosing a site for his establishment. 
have seen calculations founded on actual facta, 
which it has been shown that, taking all things 
account, the actual coat of cotton goods manu- 
red by steam in the city of New.York, is leas 
that of similar articles manufactured in Patter- 
by water-power. 
2&7. Tiie velocity with which the fly of a 
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engine or an overahot wheel revolves, in order to do 
the greatest quantity of work, may be considered as 
fixed. The velocities with which different deacrip- 
lions of work are performed are each fixed, but are 
never tlie same, either in their direction or their 
rale, as those best adapted to the fevoiirable action 
of the prime mover. It therefore hecomea necessa- 
ry to change the motion of the working point of the 
machine in its direction and intensity, for the pur- 
pose of performing iho desired operation in a proper 
manner. These changes are principally performed 
by combinations of the wheel and axle, in its several 
modifications. 

S56. One wheel may turn another, or a wheel 
may turn an axle, by the direct friction of their re- 
spective circumferences. There are some cases in 
which the cylindrical surface of one wheel is thus 
made to turn another, but they are rare. The dif- 
ficulty of using this method consists in the risk of 
sliding, and this can only be obviated by introduciDg 
a degree of friction which would render a combina- 
tion of this sort inefficient. Nor would even a great 
friction answer the purpose, unless the velocity (rt the 
wheels and their mutual pressure were constant; bat 
when, aa is moat frequently the .case, the moving 
power or the resistance acts with variable inten«^, 
it would be impossible to avoid the sliding, 

259. The second mode in which wheels and axles 
may be combined with each other, is through the in- 
tervention of bands, composed of ropes, straps, or 
chains. These are also liable to slide; but this 
tendency is not always disadvantageous, althou^ 
always attended with a loss of moving power, ^T 
the sliding of the band may prevent any risk of frac- 
ture in the parts of the machine or of the ( 
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rhen the reaistanco is Liable to sudden changes in 
^ intensiEy, 
The usfl of bands is principally confined to the 
e where the motion is to be transmitted to a dis- 
ce. When ropes are employed, a groove must 
out in the circumference of the wheels, as in the 
lultey, and they may be made to change the place 
a which the motion ia performed. 
When bands are employed, the surface of the 
'9 should be slightly curved. Flat chains 
bonld only be employed when the tension to which 
bey are subjected is small, and the friction is not 
tegarded. In other cases, chains formed like those 
a watch, or made in links of the usual deacrip- 
1, are caught upon teeth placed on the circumfer- 
ice of the wheels. The chain must be ao long 
lat its returning branch shall be slack. 
' The tension of hands often requires to be main- 
lined by some eslrinsic action, for it would not do 
rdraw them too tight, in consequence of the great 
ereaae of friction which would be thus caused, 
fee best mode of giving the proper degree of ten- 
's by allowing a heavy wheel to rest on the 
md's, tKe axle of which is connected by a radius 
with a firm support. When thus loaded, the 
a band may be shifted from one axle to another 
f different diameter, while it is driven by a wheel 
f constant diameter, and diflerent velocities may 
Jua be given lo the common axis of the several 

One of the most difficult cases in the use of bonds 
t connect wheels and axles, is that in which it waa 
wished to turn the potter's wheel by machinery, pro. 
piled by water or steam, instead of using human 
ibour. So difficult was this considered, that, aAer 
I bad for many years been attempted in vaiiif it waa 
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almost abandoned as impracticable. Finalljr, Ibe 
de^red efiect was obtained in the simplest possuble 
manoer ; the band was passed over two cones, 
whose points or vertices were turned in opposite di- 
rections. Thus, when the band was passed over the 
middle of the cones, the velocities of both were 
e^al, while, by moving it towards one or the other 
end, every desired variety in the rate of the motions 
could be obtained. 

260. The third mode in which wheels and a:dBi 
&re combined, is by cutting their circumferences 
into teelh which catch into each other. The prin- 
ciples oD which these toothed wheels and axles act, 
are a part of the theory of mechanics, and for them 
we refer to our Treatise on that subject.* It ia 
there staled that there are two principal modifi- 
catioDS of toothed wheels and axles, known under 
the names of the wheel and trundle, and the wheel 
and pinion. In the case of the wheel and trundle, 
a motion may he taken off at right angles by ma- 
king the teeth of the wheel at right angles to its 
Hurfaco ; these will adapt themselves to the staves 
of a trundle whose axis is also at right angles to 
that of the wheel. Motions of small obliquity may 
be taken off by means of the uuiversal joint of Hook. 
To construct this, the axle of the wheel is forked in. 
the form of a stirrup-iron at its extremity ; another 
axle, lying in the desired direction, baa its extremis 
of the same figure ; the two axles are uhited by & 
cross, the ends of whose arms are turned, and thus 
formed into gudgeons, which rest in circular holes in 
the forked branches of the two axles. 

When a trundle is applied to turn a wheel, it be- 
gins to act before the touching surfaces reach the 

' Trentiae on Hechanics, tK>ak iii., chap. 



PRACTICAL MECHANICS. 257 

line which joins the centres, the friction is thus ren- 
dered great and the motion harsh. Even when thd 
wheel turns the trundle, the combination is attended 
with inconvenience, from the harshness of the mo- 
tion, and the great wear to which the staves of the 
trundle are subjected. To remedy this, the staves 
are usually made of iron, and the teeth of the wheel 
of wood ; but the latter material is so soft that the 
inequality of wear is thus thrown upon it. The 
wheel and trundle is, however, so cheap and simple 
in its construction, that it is not wholly abcuidoned. 

261. In the use of the wheel and pinion, motion 
may be taken off at right angles, by cutting the teeth 
of the wheel into the envelope of a hollow cylinder. 
This method has been described in speaking of the 
construction of the watch, under the name of the 
pontrate wheel. In heavier machinery, motion at 
any desired angle may be taken off by cutting the 
teeth of the wheels or pinions which act upon each 
other upon the surfaces of two cones, whose vertices 
meet in the same point, and whose axes make with 
each other the required angle of obliquity.* 

* In the construction of wheels and pinions it is necessaiy : 

(1.) That the number of their respective teeth shall be in the 
iDTerse ratio of their respective angular velocities. 

(2.) That, if two circles be drawn concentric with the wheels, 
and tangent to each other, whose radii are in the inverse ratio of 
their respective angular velocities, the arcs intercepted between 
the middle points of the consecutive teeth on these two circles 
•hall be equal to each other ; that is to say, not only shall such 
cncumference be divided into parts exactly equal, but the parts 
on the two separate circles shall also be eoual to each other ; these 
circles are call&l the pitch-lines of the wheels. 

(3.) The curved surfaces of the teeth must be so constructed 
that the uniform velocity of the driving wheel shall be communi- 
cated to the other, during the whole time of the contact of any 
two of their respective teeth. 

For this purpose it is necessary so to arrange the thickness, the 
projection, and the intervening spaces of the teeth, that a givei 

Y2 



« tooth shall arrive ia Ibe line 
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hat which precedea 

nn Ihe other wheel. 

it, moreoTBr, imponanl that no leaih shall begin to act uimn 

each other until their aurricea are reepectivelf in the line whidi 

riak to the wheels from fraclure is leBsened also. The oppoMta 
•nrficea of a given tooth are to be eiacllr alike, In order (o pro- 
vide for The leverasl of Ihe motion. 

1'ha least projection of the teeth beyond the pitch-linea of 
the Wbeels, must be such that one tooth shall t— — — ■■■ - '- — 

vhiMi joins the centres of the circles »t the i . .._. 

which precedes it ceases ta act ; ami Ihe depth of the cavitlea be- 
low Ihe pitch-line, must be such as nill admit Ihe free motion of 
the teeth «f the oiher wheel. 

The ihiclinees and Bize uf the teeth will depend upon the nia- 
tiOD between Ihe slrength of the malennl of which the)' ate com- 
be 1 snflicieiil irpece between them not only to admit the teeth of 
the other wheel, bul to allow ■ certain defriee of play, to compen- 
(Ble for any imperfection in maCerial or workmanship. Thiaplajp, 
even in good workmanship, aniounis to 1-lOth or 1-iath of lie 
thickness of the tooth, and onght geneially to be more. 

The teeth are bounded on each side by radii of the pllcb-line 
reaching aa far as the circumference of that circle from the bouom 
of the cavity, and the cavity terminates in an arc of a circle conceD- 
nic with the pitch-line. From the pitch-line outward ihe praper 
figure is a ponion of an epicycloid, described upon the pitch4iiM hf 
the revolntiou of a circle whose diameter ia half Ihe pitch of the 
other wheel. These cjcloidal aics on the opposite aides of [he 
tooth, should be cut oBby a plane surlaf e, al such a diatancs from 
the pitch-line as will pteveni the tooth fiom conliniiHij to act af. 
tsr that which precedes il reaches the line of the cenlree. 

In practice, epicycloidal lurvea are diflicoll to conaimct i they 
are Iherefore replaced by circular arcs. The usual mode « Mi- 
(tnicliou may be understood froni fig. SI. 
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969. In giving strength to the teeth of a wheel, it 
» better to increase the thickness of the wheel, and 
thus the length of the teeth, than the thickness of 
the teeth themselves. It is also better to make the 
wheels of large diameter, as thus the power acts 
upon a longer lever to overcome the friction. In 
this way also the number of teeth is increased, while 
the relation of those on the two wheels remains the 
Mune, and a more equable action is produced. In a 
pinion which has no more than eight teoth, each 
tooth begins to act before it reaches the line of the 
centres, and cannot be disengaged as soon as the 
following tooth begins to act. A pinion of ten teeth 
will not have the proper qualities if driven by a 
wheel of less than 72 teeth ; but in all higher num- 
bers there is no difficulty. Pinions of less than six 
teeth should never be used. 

268. The principle on which the action of wheels 
and pinions rests, is as follows :* The power is to the 
renstance as the continued product of the number of 
teeth on all the pinions is to the conUmied product of 
the teeth of all the wheels. A train of pinions dri- 
ving wheels is therefore a powerful means of in- 
creasing the intensity of a force, while, if its action 

A C B is the pitch-line of the wheel, on which, after dividing 
it into as manv equal (wrts as it is intended to form teeth, the hiS 
brmdth of each tooth is set off on each side from the points of di- 
vision, as from C to d and e. From the points d ana e radii are 
drawn until they meet the circle F G, by which the cavities be- 
tween the teeth are bounded. The curved faces of the teeth are 
formed by describing circles around the dividing points of the cir- 
cle, as around C, as centres, with radii equal to the distance from 
sodi point to the opposite face of the contiguous tooth. This ra- 
dios is equal to the cord of 1| of the divisiops into which the pitch- 
lioe has been divided. The points formed by the intersecting arcs 
of these circles are then cut off by lines, h i, parallel to the tan* 
gents of the pitch^liae. 

* Bee TreatiM on Mechanics, book iii chap vi. 
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be reversed, imd wheels are mode to drive 
the velocity is iocreased in ihe same proportieo. 
Of the latter case we have had instaocea ia the 
sjucture of ihe clock aiid watch. 

The direct problem of finding the relative Utoet 
of revolution of two wheels or pinions belonging to 
the BQDie train, is an easy and obvious application 
of the above principle. That of finding the proper 
nuidber of wheels and pinions to be interposed, and 
the number of teeth upon each, is one of greater 
difficulty, and every complex case may admit of a 
Ariety of solutions. The mode of proceeding can 
be best illustrated by an example taken from one of 
the forms of clock.* 

* Suppouit tnbe wished that awheel whicbreToWeEin^dlJU 
tM\[ Bive moliufi en inolher whnse revolution atiall be performed 
111 ael (Ujn. Tbe number of minuleB in the tJiM jntenal » 3800, 
UMJ in the ueconcl *a,K4 ; and sny numbeta having Ihe Bama nll- 
tioo ■■ these will tepment the uumher of leetb which, if ■ppUed 
M two wheels, will answer Ihe purpose Both noinban bang 
didaihiD by 4. 900 : I0.S3I will expreas thii lelation. Bui eognH 
I number ot t«eth aa either of these cannot be constructed npm 
wheels and the largcrof the Iwo is n prime number," whidi cis- 
mit bfl deeompoaed into faciora, for the purpose of usiDE Ibeae 
facials u the iiiimherB of leeth on inlermediate wheels. lioKai 
of theie numbers, then, two othera ate ehoaen, having neailT (ba 
tame relalion, namely. 703 ; 6304, These numbers ate eacEi ita- 
emniKiMd into two faclDra, Ihua; 703=19X37. 831M=«XlTI. 
If, llion.a train of wheels becompMBd as followe : let a piDioniil 
10 teeth drive a wheel. B, oF 4S leeth ; place a pmion, i, on tbe 
MDieaalB with B; give ii 37 teeth, and let it dnra n whe^ oTm 
leath, the deiited result will be obtamed nearly. This ia Ho aa 
which is eniplored in clorka inlended lo show the phanes of the 
rooon. and it so bippens thai the relation 703 : S304 is more near 
w that which the lunalion bears lu the Bolnr day, than the one 

ifinall) 
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^ iMMtoobtiunimincreuemllutlnten- Fig. 83. 
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Flouring MiUt. 



264> Mills are used for the purpose of grinding 
grain into the form of flour or meal, in which they 
aro employed in the manufacture of bread. Origi- 
nally moved by the force of men or animaU, they 
are atill in many cmintriea driven by wind. All 
these prime movers, however, are ao irregular ia 
their action, that they are ill adapted to the purpose, 
toi it is necessary that the work should be performed 
at a velocity which is confined within very narrow 
limits ; at less velocities the grain is cut instead of 
being ground, and at greater, it ia so much healed 
that it is liable to ferment in spile of any precaution. 

The manufacluro of whealen flour was for maoj 
years among the most important objects of our m- 
tifloal industry. It was almost the sole staple for ex- 
port of the Middle States, and was carried on by 
mqfchant- millers of great capital, residing in the prin- 
cipaltOpmniercial cities. In the change which bu 
taken place in the occupations of our countrymeo, 
by which we have almost ceased to export breadstufil 
in consequence of the great manufacturing populatioa 
which has been created, the course of this trade hu 
been altered ; and although it has not ceased lo be i 
favourite object of commercial enterprise, the posi- 
tion of [he mills has been changed. The merchant- 
millers have been compelled to place then»selves in 
the neighbourhood of tlie districts where an excess 
of breadstuff is produced, and many of the great es- 
tablishments in the vicinity of ihe seaboard have gone 
to decay. The agriculturist has reaped this advaD- 
tage, namely, that the prices of his products are now 
rather regulated by the cost of importing a similar 
article from abroad, than by the price at whicbitoaB 
be safely shipped to a foreign market. 
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During the time that wheatdn flour was a great 
staple for export, thA application of capital and in- 
genuity led to great improvements in the gristmilL 
Labour-saving machinery was introduced to such an 
extent, as to leave little or nothing for man to do, ex- 
cept to set it in action ; and the mode of cleansing 
the grain and the meal from all impurities and prod- 
ucts of inferior value, was brought to absolute per- 
fection. The most perfect mills of this description 
in the world are probably those of Rochester, N. Y. 
Those on the Brandywine and at Richmond, Va., 
bave also long been in high repute. 

265. The usual grinding apparatus in a gristmi]! 
is composed of two circular stones. The lower one 
is fixed ; the upper revolves on a vertical axis, which 
passes through the lower and is attached to the up- 
per by a cross of iron, whose arms are sufficiently 
long to allow of a hole in the middle of the upper 
millstone, by which the grist is admitted to the space 
between the stones. The opposite surfaces of the 
two stones are divided into sectors, and these sec- 
tors are cut into groves, parallel to one of the radii 
nrhich bound each sector. The cuts into the two 
millstones are precisely similar in number and po- 
sition. 

It will therefore be obvious, that when the upper 
millstone is set in its place, the directions of these 
grooves will cross each other. The surface of the 
lower stone is convex, that of the upper concave, 
and the convexity of the former has less height than 
the concavity of the latter has depth. 

The grain, falling into the space between the mill- 
stones, is caught by the upper one in its revolution, 
and being partly crushed and partly cut by the pra- 
jectioDS of the grooves, is carried outward by the cen- 
tnfiigal force, until it passes between the circumfer- 



2G4 



PBACTICAL H£CRAK1C 



t'Dce of the upper millstone and iho surface of t^" 
lower, into a box which Burrounda both, whence the 
meal is discharged by a spout. 

Fig. 83 represents a section of a pair of DiiUatooeai 
with iheir accessories. 




S. Lower mi: 
K. Spindle wl 
B. Hopper. 

Q, Moveible hopper, called, Trom 
iHD frooi Bde 10 aide by four 



(he upper miUMone. 

ihapf!, the ahoe. This ii sha- 
ra raslened (o the top of (be 

i shon funnel, Ihrou^ which 



k. Eje of the mill, an opetii 

the iFBin falla from (he si 
U M. Caae into which Die i 

atonea by Ibe cGnlrifugal 

of the upper millstone. 

266. It has been found thai the force of a single 
nan is capable of giving motion to an iron mill of 
9 French inches in diameter, at ihe rate of 30 revo- 
lutions in a minute. The product is 20 metrical 
poimds per hour. A mill for two men has millsloneB 
31 inches in diameter, and makes 80 revoluttous pet 
minute. The product is doubled. 

In order to construct a mill for the power of a 
single liorse or of seven men, it would be necesaaiy, 
in making it move at the same rate, to give it a di. 
ameler of 81 inches ; but it is made to revolve ISO 
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tunes in a minute^ and the Miface is diminisbed to 
tbe diameter of 82 inches. 

The French mills which are moved by water have 
a diameter of 72 inches, and make from 70 to 72 
revolutions in a minute. These require the force of 
four horses. Many English mills have a diameter 
of four feet, and turn with a velocity of 120 revolu- 
tioDs in a minute. The force of three horses is suf- 
fieient to move them. The best English mills have 
a dianneter of five feet, and revolve 90 times in a 
mimite. 

267. In the American flouring mills, the grain is 
raised from the vessels which carry it to the mills, 
or from a reservoir into which it is thrown from the 
sacks, by an apparatus called the elevator. This is 
composed of a number of small copper bucl^ts at- 
tached to a leathern strap, and worked by the force 
iHiich moves the mill, after the manner of a chain- 
pomp. From the upper part of the elevator it is 
thrown by the motion of the buckets into a screen, 
by the action of which it is cleansed from the seeds 
of other substances and the smaller grains of the 
wheat itself. This screen is a polygonal prism en- 
closed in fine wires, which lies in a position slightly 
inclined, and is caused to revolve rapidly. The grain 
is thrown by the centrifugal force against the wires, 
uid, after many revolutions, reaches the lower end 
of the screen, all the smaller seeds having escaped 
through the screen. The screen discharges the 
deansed wheat into the granary, where it coUects in 
a heap on the floor. 

In the more perfect mills, the wheaU is received 
from the elevators into a machine by which it is 
freed from smut. The smut machine is, in external 
Igare and position, similar to the screen, but it is 
oomposed of one cylinder revolving within another. 
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The two cj^uaders are furnislied with teeth or beaters, 
bj' which the smutty grains of the wheat are crushed; 
theae are aoiier -than the others, and therelbre yield 
easily. Their fragments, with the smut they oon- 
tatD, are separated by the screen. 

From llie granary it is carried, aa wanted, by aa 
apparatus called a conductor. This is composed of 
a screw working in a trough. By this it is conveyed 
to a point whence it falls iota the hopper, which is a 
pyramidal funael. Beneath this is a moveable sp> 
paratus, which is touched by the millstone in its rev- 
olutions, and thus acted upon in such manner that 
the millstone receives exactly as much grain aa will 
suffice for properly feeding it. 

The meal, sAer being discharged from between the 
stones, is received in a horizontal trough, in which a 
skeleton screw, formed of leaves projected from ti 
solid axis, works; by this it ia carried forward to a 
reservoir, whence it Is lit\ed, eillier by a similaT 
screw working in an inclined position, or by an ele- 
vator, to the upper story of the mill. Falling upon 
the floor of this, it is spread out by an apparatus 
called the hopper-bt^ or cooler. This is composed 
of a sort of rake, consistingoflwoequal arms revotv- 
ing on their centre, The teeth of the rake are in- 
clined, and iheir number on the two arms is unequal, 
80 thai those on the one arm in revolving follow the 
spaces between the teeth of the other arm. The ouU 
er tooth of one of the arms catches the meal as it 
comes from the elevator, and drags it over the floor 
in the circumference of a circle. The outer tooth of 
the other arm moves the flour thiis spread nearer to 
the centre of the apparatus, and so in succession un- 
til the meal reaches a hole near the centre. Through 
this hole it falls by its own weight into the bolting 
machine. The bolting machine has the same shape 
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the screen, but is enclosed in a fine cloth, and the 
passage of the finely-ground flour through the cloth 
is aided by piecea of wood, called beaters, arranged 
at the edges of a prism similar, but somewhat larger 
than that which holds the bolting clothf. The latter, 
when loaded with the meal, is sufficiently flexible to 
be thrown against the beaters by the centrifugal force. 

Within the bolting machine are arrangements by 
which the husk of the grain and the coarser parts 
are separated into portions of diflerent value and 
fineness. 

Prom the bolting machine the superfine flour is 
conveyed by machinery to a bin, in which it remains 
until it is to be packed, when^ by merely opening a 
small gate in a spout, it is permitted to fall into the 
barrel. Into this it is rammed by machinery, and 
the workman has no more to do than to close the 
gate as soon as a barrel is filled, remove it, replace 
it by an empty one, and so on, until the whole of 
the grain is ground, or the mill is stopped. 

In addition, there are in the best mills apparatus 
for weighing the wheat, and the flour in the barrels. 
The whole of the work, from the unlading of the 
vesseb in which it is brought, to the package in 
barrels, is performed by machinery, and a single 
man with a boy are sufficient to perform the work 
of an extensive mill. 

The distribution of the more important of these 
parts may be understood from Fig. 84, on page 268, 
in which the interior of a mill of four run of stones 
is represented. 

a a. Elevators by which the e e. Hoppers. 

grain is raised. / / Conducting screws by 

B. Granary. which the meal is conveyad 

C. 'Screen. to the elevator g g. 

D D. Millstones ; one of these, H. Cooler or Hopper-boy. 
with its grooved face, is shown I. Bolting Machine. 
alK. 
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368. Grist mills may be moved by any of ihe 
kinda of waler.wbeel which we have described, oi 
by a steam-engine. It ia estimated that for wfih 
pair of stones, with the labour-saving macbinory, 
Ihe power of four horses is sufficient. The taori. 
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lontal form of wheels has the merit of admitting of 

the utmost simplicity in their arrangement, for the 

spindle which carries the upper millstone may also 

be the axle of the horizontal wheel. It is, however, 

more difficult to regulate the velocity of these with. 

in the proper limits, and in many cases they would 

cause a great waste of the power. It is therefore 

better, la large manufacturing mills, to employ an 

uodershot, overshot, or breast wheel, according to the 

circumstances of the case ; and as both the plane in 

which they move, and the velocity best adapted to 

their most efficient action, are different from that of 

the millstone, the proper changes in the direction 

and rate of the motions are effected by means of 

bevelled and spur wheels.* 

269. In mills driven by a water-wheel, the motion 
is usually taken off at right angles, and altered in ve- 
locity by a single combination, which was in the old 
mills composed of a cog-wheel and trundle, but which 
is now made up of a bevelled wheel and bevelled pin- 
ion. Using an undershot wheel having a diameter 
of 16 feet, which is a good proportion. Dr. Brewster 
ffiTes the following table for a stone of five feet in 
diameter, making 90 revolutions per minute. 

* As an example of tuch an arrangement, we shall take that 
€f a mill moved bj a steam-engine making 30 strokes per minute. 
On the azla of the crank is a bevelled wheel having 84 teeth. 
This works into a second bevelled wheel, by which the horizon- 
tal motion is rendered vertical, and which has 72 teeth. The 
third wh^ is mounted upon the same axle as the second, and has 
SStaath. The fourth wheel has 41 teeth, and the upper millstone 
it monntad on a spindle passing through its centre. The relation 
between the number of strokes of the engine and the number of 
lerolatioos of the millstone will be thus expressed : 

84X136 
72X41 "~^* 
The miHitonft will therefore make 116.1 reyolationsper minute. 

Z2 
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aO.IS 8.64 e.lB 

The relations in the overshot and breast wheela, 
whose circumferences move wiili a constant velocity, 
can be calculated with great care. The following 
table is given by Brewster for the use of the conden- 
sing low-pressure engine in driving griat-mills.* 



!8.1 



4a 



39,E 



* Aa a fatlher illQutration or this aubject, we give a descriplion 
□r a mill at RochesLer, N. V. The wsler-wheels on Ihree io 

foet ill diameler. Tha buckets are II feet 3 mchei in leneUi 
in the clear. The bead af water ia tS feet, atid la uauall; admit- 
ted upon (he wheel at the diatance of three (eel from ita upri^t 
diameler. Thia (^ 36) ve have aeen to be a more adTanta- 
geoua mode than il the wheel were made atnall enough to let ths 
water apout sgauiet ita upper bucket. The gate through which 
the water paesea is 3J inFbes high, and ia usually drawn SincbBi. 
Each wheel has on its axle a bevel-wheel II feet in diameteTi 
ing 144 teeth. These wheels drive horizontal piniom 



ha< 

feet in diai 

The milli 



<n the I 



B"ing 144 coga. These d 






I feet in diameter, and make 140 rerolntiom 
un oF ilo.ne8 grinds from 8 to 10 buahets of 
usual urtiducl of the mill, havmg nii» lUB 
o 400 barrcla of flour in 24 hours, Bnt in 
ich aa 600 barrele have occasionally besa 



^^k^. 
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SatD-Mills, 

370. Saw- mills have also constituted an impor- 
tant branch of American industry. These, as erect- 
ed in most places, are of the simplest possible struc- 
ture. There is but one saw, which is mounted in a 
frame, to which the appropriate oscillating motion 
is given by a small wheel, or rather axle furnished 
with four leaves. On this the water is admitted by 
an inclined spout reaching to the head of the fall. 
On the axle of this wheel is a crank connected with 
the frame by a rod. The log to be sawn is laid on 
a frame, which is pushed forward at each oscillation 
of the frame by a ratchet wheel. 

This mode is only to be praised for its small cost 
and simplicity, but it is a very inefficient method of 
using the water, being driven by an undershot wheel 
of the worst structure. The saw-mills of greater 
power, which carry gangs of saws in sufficient 
number to cat a log at one operation into the great. 
est number of boards into which it can be divided, 
are driven by an overshot wheel, the motion of which 

There are also foar hopper-boya for cooling the meal before it ia 
bolted ; a bolting chest with a single reel for middlings, and a 
doater for rebolting the bran. The reela are 42 inchea in diame- 
ter and 28 ieet long. 

The elevator raiaea the grain from boata to a height of 48 feet, 
and ia of aaiScient cajpacity to raiae 1000 baahels in an hour and 
a half; and there are arrangements for weighing the grain as fast 
aa it ia elevated. 

Accordiiig to tiie Htio of the ntnnber of teeth on the wheels 
and piniooSy the water-wheela make about six rerolntions per 
minate, and the rate at which their circumference movea is about 
aix feet per second. 

Aa the water ia apt to fail in timea of drought, aVteam-engine of 
80 horae power is attsiched, which can be geared to the upright 
dMfta, dnven by two of the wheels, and thus six run of stones may, 
if necessary, be driven by steam, while three are driven by the re- 
■trr''r*f water-wheel ^ 

For cleanibg the wheat there axe three screens, two smut ma- 
chims, and three fanning-mills. 
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is changed in velocity by a wheel and pinion, to thi 
axle of ihe latter of whicli a crank ia applied. 

A saw-mill of this coostruclion is represented i 
Fig. B.5. 

Fig. B5. 
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■n iho circumference of which cogs 
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E. latchet wlaeel, which derives its motion from the frame d in 
fQcb manner as to be carried forward one tooth at each cut of 
the saw, and thus force up the moveable carriage//, on which 
tbe log to be sawn is placed. 

G. Pinion which can be thrown in and out of gear by the system 
of levers t i He. On the axle of this pinion is a oand, which 
gives motion to a wheel L, by which the carriage// is returned 
to its original position after the log has been sawn through. 

Self-acting apparatus, by which the gate may bo 
closed, the wheel which withdraws the carriage 
thrown into gear, and the log shiflcd the thickness 
of the scantling between each motion of the car- 
riage, have been added to mills ; the logs are also 
drawn up on an inclined plane by the machinery. 

271. Instead of a straight saw oscillating in a frame, 
circular saws have been recently much employed. 
Some difficulties have been found in applying them 
to sawing heavy timber ; but for sawing veneers, and 
all light work, they are to be preferred, in conse* 
quence of the greater rapidity with which they per- 
form their work, the greater smoothness of the cuts 
they make, and a saving in power. In cutting ve- 
neers, the axle of the wheel has in some cases been 
made to rise and fall, thus combining the advantages 
of the oscillating and the circular motion. 

One of the most complete and important combi. 
naticms of circular saws, is that employed in Glas- 
gow (Scotland) in the fabrication of barrels. 

272. Planing machines may be considered with 
mw.raills. The work of planing wood is effected in 
these by knives placed in an oblique direction on 
the circumference of a cylinder. A machine for 
tongiiing and grooving plank for flooring has been 
oonstnicted on the same principles. The grooves 
are cut by a thin cylinder, having cutting teeth on 
its circumference. The tongue is formed by two 
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such cylinders revolving parallel to each other on 
Ihe same axle. The planks are reduced to (be 
proper width fay passing them between two circular 
saws. These circular saws, the planing knives, and 
the tonguing and grouviug inatrunicnta, are so com- 
bined that the whole process is performed at one 
operation, and a rough plank introduced at one end 
of the machine, comes out finished and (it for laying 
in a floor at the other. 

Cotlon Spinning. 
273. Of all Aiiiericuu pruducls cotton is now the 
most iiuportunl, IVuin ita valuu as an export, and the 
great extent to whicli its dume^tic consumption has 
been carried. Thia article is of Iwo ditTerent spe. 
cies, thfe long and ihi: short staple. The former ia 
easily cleansed of it^ sKi:d by a simple apparatus 
composed of totithud rollers. The short staple cot- 
Ion is cleansed with greater difficulty, but the pro- 
C|BS is now ellbctually performed by an ingenious 
inatruraent, invenled by Whitney, and called the saw- 
gin. The essential part of this apparatus is an axle, 
B, to which are adapted a number of fine circular 
saws. A section of this axle and one of tlie saws is 
represented at A, in Fig, B6. The bolls of cotton, 
with the seed attached to it, being thrown into the 
hopper D, the points of the saws, at h, in their revo- 
lution, tear the cotton from' the seeds, and the latter, 
being left free, drop through an aperture in Ihe hot. 
torn of the hopper, which is regulated by a screw so 
as just to permit them to pass. The cotton, carried 
forward by the teeth of the saws, is removed from 
ihem by brushes, E E, which revolve on the circum- 
ference of the wheel F F ; it is thus thrown upon 
the inclined plane C, whence it descends to a recep- 
tacle beneath the machine. Nothing can well be 



> simple timn this engine ; yet, simple 
ia, it has created tiie most important source of 
r national wealth. The services of Whitney to 
b United States arc hardly less valjabJe than (hose 
i Watt to England ; and it is a matter of national 
Iproach, that these services were unrewarded, ex- 
it by a grant from the State of South Carolina, 
Q that far from bearing any relation to the im- 
e wealth created by the machine, 

^374. The cotton, after being cleansed, is packed in 
i, which are usually compressed, and the first 
iperation in the manufacture consista in picking and 
pening it, for the purpose of separating any re- 
naining seeds or other matter, and fitting it to be 
aJten up by the next machine in the order of the 

operation was for a loog time wholly per- 
by hand. It is now aided by machines, which 
or the name of willows or winnows. The 
thus picked and opened is placed upon a 
^hose ends are united in such manner as to 
.n endless band, represented at A, which 
over two rollers, and carries the c " 

vtiid to feed the blowing machine. This r 



le cotton ^3^^ri 
rhia macUlfl^^l 
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has two rollera with grooved aurfaces, which dnw 
the cotton between them, and expoae it lo the actux 
of a fly with two leaves or beaters B, which make I 
or 900 revolutions in a, mioute. These bealei%al 



l(er having partially opiioed tbe cotion, thrc 
Jivard upon an iacliued grating, wliunce ii pusses 
bo n second band C, revolving on ruLIers, vv|iii:h uur- 
Eiies it forward to a second pair oi' gjauviil j'oll. 
bpTB. These draw it in acd deliver it tu a eucond 
My with Ijeaiers D, by which it ia lanlier opened and 
[uTown upon a second grating. During liiis proceaa 
^e cotion is exposed to a current of air produced 
[By a revolving fan, by which the diisl uiiU ijupuri- 
lliies it coatainn are driven through tlie giaiiuga, or 
Up the chimney G. Finally, the cotton in carried 
ijforward from the gratings upon a third band E, 
jdUitil it passes out upon a frame or graiing F, 
■tohero it is collected in order to feed a seconil ma- 
l^iDe of similar character, called the batting or lap. 
Jj^ng machine! By this it is not only cleansed of 
Qmy remaining impurities, but caused to form itself 
unto a species of web called a bat. In order to 
ubrm the bat, the cotton is delivered by the second 
Uand of cloth to a cylinder formed of wire gauze. 
(The air is drawn from the inside of this cylinder by 
A revolving fan, placed io a flue provided for carry- 
UDg off the dust; and the external air passing to- ' 
UiFards the cylinder in order to supply that displaced, 
presses the cotton against its surface, whence it is 
Uiawu oS by a solid cylinder, and subjected, as it 
uolls itself upon it, to pressure from aaother cylinder, 
[_ _ 275. The cotton bats are nert carded. Before 
tcaachinery was introduced, cotton was carded by 
'<liand. The cards used for this purpose were com- 
tpoaed of wire, adapted to a sheet of leather, and fur> 
' * ' 1 with a handle. Cards of similar character 
n the surface of a cylinder. In 
roper adaptation to this purpose, it is 
hey be constructed with the greatest 
le regularity and evenness of the thread 
X i. 
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Es in a great measure due to the regularity and par. 
fection of the operation of carding. It would beim- 
poaaible, without the aid of machinery, to give to the 
cards that degree of accuracy which ia now aimed 
at. A machine has, in consequence, been invented by 
Whittemore, which manufaclures cards with absoluts 
accuracy. The leather is split by it with ejttreine 
precisittQ into thin layers ; the holes to receive the 
leelh are piCrced in it with the utmost regularity; 
the wire ia cut of esactlj equal lengths, benl into a 
form comprising four angles, to which identical meas- 
ures are given, and implanted in the leather. 

The carding is performed at two operations. Id 
the first, the bat is laid upon a band of cloth, by which 
it is carried to two fluted rollers; these presenlilto 
a large cylinder, covered on the outside with card). 
Over the upper part of this ia a portion of a hollow 
cylinder, lined with cards, whose teeth are bent in a 
direction opposite to those of the former. Between 
these the fibres of the cotton are drawn, and arranged 
in parallel directions. The cotton is gradually car- 
ried forward until it reaches a cylinder called the 
doffer, which has cards upon it, arranged in the form 
of a spiral. The cotton is drawn off by the teeth of 
the cards on the doffer, and thence is removed by a 
comb, to which an oscillating motion in the verticfti 
direction is given by a crank. By this arrangement 
of doffer and comb, a continuous band or top is form- 
ed, which is wound upon a cylinder, and at the same 
time compressed by a roller. 

The lap is cut off from time to time, and presented 
to the feeding rollers of the finishing cards. These 
have the same structure as the first, but the roll which 
is combed of the doffer, instead of benig wound upon 
a cylinder and compressed, ia received into a tin can. 

The structure of the carding machine is repreaoit. 
ed ia fig. 88, on page 218. 
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iin!igin''d mora simple than this engine , jct, aimple 
aa It I* it has create! the moat important source of 
our national wealth The servicca of Whilnoy to 
the United States are hardly leas valuable than those 
of Walt to England and it is a matter of national 
reproach, that thise S(,r\ices were unrewarded ex 
cepi by a grant from the State of South Carolina, 
tod that far from bearing anv relation to ih^ im 
LjDBnse wealth created by tht. machme 

I 374. The cotton aflt,r being cleansed ja packed in 

r Wea, which are usually rompressed, and the first 
operation in the manufacture consists m picking and 
opening it, for the jiurpoae of separating any re- 
maining seeds or other matter, and fitting it to be 

. taken up by the next machine in the order of the 

L^rocesa. 

1-- This operation was for a long time wholly per- 

Ffctmed by hand. It is now aided by machines, which 
go under the name of willows or winnows. The 
cotton thus picked and opened is placed upon a 
cloth, whose ends are united in such manner as to 

, Ami &n endless band, represented at A, which 

El oyer two rollers, and carries the cotton for- 
Jo feed the blowing machine. This machine 
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iniier Dt the icaide of which is also covered 
cards. After passing helween the di 
portion of the hollow cylinder, the cotton is caught 
upon a third set of cards, arranged upon a cylinder 
in. the form of a screw. From ihia cylinder thecal* 
ton is removed in a continuous roll, by the comb P, 
and ia wound upon the cylinder or doffer. Tha 
wheels, band, and crank by which motion is given to 
the comb, will be seen, and require no referent^, 

276. The materials, which are composed of fila- 
ments of such a character as to be capable of forming 
threads, were originally spun by hand, aided only by 
iho rude appai'atus called the diataS* aiid spindle. 
Machines have, however, long been used to facilitate 
the operation, under the name of spiuuing. wheels. 
Of these there are two kinds, the great and the small 
wheel. These have served as the basis of the two 
principal engines, by which the force of the great nat. 
ural agents has been substituted for human labourin 
spinning. 

277, The great wheel is set ia motion by the hand 
of the spinner, who, giving to it several impulses in 
rapid succession, causes a rotary motion, which the 
wheel retains for a time, in consequence of its iner- 
tia. By the revolution of the wheel, motion is given 
to a spindle. The materia! having been previously 
formed by cards into rolls, Che end of one of theseis 

^ rolled until it will be held upoa the spindle, and, after 
the latter baa received its motion, the spinner, holding 
the roll between the fingers, draws it in a direction 
oblique to the piano in which the wheel revolves. 
In this way the roll is drawn out, stretched, and, at 
the same time, twisted. Having thus drawn out a 
thread, the end of it is shifted until it comes into a 
plane parallel to that in which the wheel revolves. 
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When in this position, the revolution of the spindle 
coils the thread upon it. New rolls are attached 
bjr pressure to the unspun end of the former one, and 
the operation is repeated until as large a continuous 
thread as the spindle will receive, is wound upon it. 
This machine was principally employed in spinning 
wool of short staple, and is also suited to cotton, 
which may, however, be spun in the other manner. 

278. The small wheel is set in motion by a 
treadle, or step furnished with a hinge, to which an 
oscillating motion is given by the foot. The wheel 
has a crank on its axle, which is attached to the 
treadle by a connecting rod, and thus, like the fly- 
wheel of the steam-engine, acquires a continuous 
rotary motion. A rapid motion is given to a spin- 
dle by means of a band passing over the circumfer- 
ence of the wheel. The spindle of this wheel is not 
a simple rod of iron of the appropriate form, but has 
upon its end a part called the fly. This has the 
form represented by A in Fig. 89. 

Upon the spindle is placed a bobbin, composed of 
two disks united by a hollow cylinder. The hollow 
is of such size as to slip readily over the spindle 
and does not revolve with it, unless a force of inten 
sity nearly sufficient to break the thread should as- 
sist the revolution. Upon one side of the fly are 
several short wires bent into the form of hooks 
The matter to be spun being placed upon a distafi^ 
which is mounted on the machine within reach ot 
the spinner, a small portion is twisted by the fingers 
into the form of thread, drawn through an eye on 
the top of the spindle, thence through one of the 
hooks, and fastened to the bobbin. The wheel be- 
ing set in motion, the fingers are still applied to 
unite and twist the filaments as they are drawn from 
the diftaff by the revolution of the spindle, and the 

Aa2 
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tbread is moved in succession from one hook to the 
nest, in order that it may be wound uniformly upcMi 
the bobbin. By this instrument, prepared flax, 
combed wool, and cotton, the latter previoualy apua 
on the great wheel, may be formed into threads, 
which are more closely twisted than con be done by 
that instnunettu 

An improTed spinning-wheel is reprcaenled in 
Fig. S9. In the upper Fis.ea. 

part of the instrument ^ 
is seen the distaff, oo/^ 
which the prepared 
terial is wound ; next 
below are the bobbin 
and fly ; in the middle 
space, to the leA, is the 
wheel over which the 
band that gives 
to the fly is passed ; 
beneath all is the trea- 
dle, whence a rod pro. 
cceds to the crank on 
the axle of the wheel. 
The improvement con- 
sists in an endless screw 
on the axie of the wheel, 
which gives motion to 
a toothed wheel. On 
the same axle with the 
toothed wheel is a heart*^ 
wheel or eccentric ; this ' 




presses against a bar, which is pressed on the oppo- 
site side by a spring. The upper end of the bar is 
adjusted to the axle of the fly, which is caused by it 
to move to and fro, and thus to distribute the thread 
uniformly on the bobbin. 
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279. It will be obvious, that in the first of thes 
instrunients, the only part of the labour wliich re. 
quired strength was the continual walking to and 
from the wheel ; while in the latter no appreciable 
exertion of force was required. Hence, althougb 
very superior to the rude apparatus of distaff and 
spindle, ihey were very unprofitable apphcations of 
human strength. The great difficulty, either in com- 
bining such a number of spindles as might require 
the exertion of the whole strength, or driving Ihem 
by some natural agent, which should render human 
labour unnecessary, consists in finding a substitute 
for the nice mechanism of tbe human baod in the 
small wheel, or to endow a machine with the intel- 
ligence by which, at an appropriate time in the mo. 
lion of the great wheel, the act of twisting and 
drawing should be succeeded by one of mere stretch. 
ing upon a thread already formed. It might almost 
seem that such qualities in machines could not he 
given except by a creative power, and yet they have 
been attained in the inventions of Arkwright, Har- 
graves, and Compton. Even these great inventors 
did little more towards the present stale of (he artt 
than to exhibit the principles in successful opera- 
tion. Almost every day witnesses improvements in 
the plan of the subsidiary machinery, and the in. 
creasing perfection of the essential parts. In these 
improvements American ingenuity has borne its full 
share, and it has recently been stated by good au. 
(horily,* that the most important machines used in 
this manufacture, for which patents are still in force 
in Great Britain, are the property of American in- 
ventors. 

By the force of this ingenuity, the manufacture of 
I* Speech of Mr. TiUiera in the House of CommaiK, FebruuTi 
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cottoD ia this ciKiLitry, whicii, litllo more than 90 
years since, was utterly prostrated beforo the supe- 
rior chetipuess of that ol' Great Britain, has been 
iacreosed until our goods Dot only compete with 
thosQ of that country, in some cases to tlieir nctiutl 
exclusion, in markets where both are liable to equal 
Sscal charges, but actually rival litem in the Bhofs 
of Calcutta, where the British articles have the ben- 
efit of .a prutectiag duly. 

Tike quantity of cotton manufactured in the Uni- 
ted Statea ia novr as great as was consumitd in Gree>l 
Britain in ISll ; the Southeru planters have founil 
a new market equal to a fourth of their whole crop, 
and the Northern wheat-growers receive aprice for 
tlkeir product not graduated by the cost of produc* 
tion, but by that of importation Irom foreiga couH' 
trlMi However foreign to our subject, wo cannot 
here help remarking, that in the face of these facia* 
the agriculturists of the United States are taught 
by political theorists to look with jealousy on th^ 
prosperity of their manufacturing brethren. 

280. It would exceed our limits to enter into the 
detail of the processes in tlicir present improved 
state- It is sufficient for our purpose to explaii* 
the principles on which the more imjlortant ma- 
chines are founded. 

The cotton having been carded into banda or 
slivers, which are received, as has been staled, in 
aul^ected to a process called drawing. By 



thiss 



eral bands are united into c 



i loc 



Biy spun 



thread, and have their length considerably increased. 
For this purpose, the ends of the several bands are 
each passed between two pidrs of rollers, a a and 6 B. 
The lower roller of each pair is moved by mncltin- 
ery, the upper is set in motion by the friction wbioii 
the band undergoes in passing it. The lower roll- 
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B made of iron and fluted, the upper roller ia' 
IKd with leather. The second pair of rollen^i 
k greater velocity than the first, and the band of ■ 
ta is ihifs increased in length. After passing' 
Mcond pair of rollers, several of the bands are 
to together by passing them through a conical 
nd are tbence drawn in a body through a 
1 pair of rollers, whence they are deliTered into 



Fig. M 




4 
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2dl. The pri>cess of roving, vhich foUowa scst 
is also [>erformed by rollera, and in a similar manoer, 
but tho roviDgii arc delivered into cans which hare 
a revolving motion. This motion aoswers the dou- 
ble purpose of coiling the roviogs neatly in the an, 
and giving Ihem a slight twist. 

The machine ou which this is performed ia np- 
lesonted in Fig. 91. 

Fig- 91 




s into which 
delivered by tlie drawing frame, by the 
Thence they pass -to the rollers B, 
where they are doubled. The doubled strands 
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I drop into the revolving cans C C, which are 
: in motion by wheels and bands, 
he operation of drawing is often repeated several 
IS, in which case the rovings, instead of being re- 
ed in revolving cans, are wound upon bobbins by 
ns of a spindle and fly, as we shall describe under 
[lead of throstle spinning. The only difference is, 
in this case the apparatus is less delicate, 
istead of roving, this is sometimes called coarse 
)in and fly spinnings 

B2. At this stage the manufacture diverges into 
different parts, known as mule and throstle spin- 
. By the former, a loosely^spun thread, used as 
filling or weof in weaving, is obtained ; by the 
nd, one strong and tightly spun, known under 
name of twist, and employed as warp or as sew- 
thread* 

33. Mule spinning, is performed in two separate 
5, on machines known as the mule and the stretch- 
frame. In the latter, the bobbins or cans which 
J received the rovings are placed in a fixed frame, 
drawn between three successive pairs of rollers; 
ce they pass to a spindle situated upon a movea- 
frame or carriage, whose wheels run upon a 
vay. At a particular stage of the .motion, the 
i^ing rollers cease to act, and the farther retreat 
le carriage tends to. stretch or extend the length 
le roving which has already been delivered. At 
lame time, a greater degree of closeness is given to 
:hread, by making the spindles of the moveable 
le revolve more rapidly, from which act the ma- 
e is called a double speeder. The carriage^ 
ng receded to the extent of the railroad, is retum- 
Dwards the frame which contains the rollers, and 
[le same instant the position of the spindles is 



changed, so that the thread may be wound upon 
them. 

S64. The mule diSers from the stretching frame 
only in tlie fact, that the threads are delivej^ to the 
epindlos during the whale receding motion of the cur- 
riagc or mule, and that the double speed is on^i)< 
The mule is fed from rovings, the stretchii^ fnm 
from the apindlea which have been filled by the mule. 

285. The motion of the carriages which bear liie 
spindles was at first wholly performed by the labour 
of men. It is now, however, so far aided by ite 
machinery, that the mule or stretching frame only re- 
quires to be relumed by iheir exertion. The iVaiws 
have, therefore, been gradually increased ioBize,UQ. 
til, from containing do more than one hundred anil 
fit^ spindles, they have been made in fine work 1° 
comprise eleven hundred. The operation of mule 
spinning is the only one which requires the atrengili 
of a full-grown man. All the other operations lu 
cotton-spinning arc superintended, rather than per' 
formed, by women and children. Bach mule-apiO' 
ner can manage two frames, which act altemalelyi 
but he requires the assistance of two or more pet- 
sons, according to the number of spindles in li>e 
frames. The most important duty of these is to 
watch and piece the broken threads. 

. In throstle spinning the rovings are drawn 



out by successive pairs of rollers, in which, by iorf 
cre&sing the velocity as before, they are extended W 
length. They are then wound upon a bobbin by 
means of a spindle and fly, imitated from Ihe small 
wheel. The apparatus is represented in Fig, 02. ' 
The thread is drawn from the bobbin a, through a 
series of rollers al b. It is thence carried through 
ao opening in a plate, and bent downward until it i» 




passed througli an eye in 
't proceeds lo the bobbin 
^read uniformly oa the h 
the bobbin reals, is causei 
I and down. It will be ob< 
r Ae thread on the bobbin 




if !be fly c, whence 
III order to wind ihc 
the rail e, on which 
move alternately up 

that ibe winding ol' 

ly take place ir 



iffereuce between its velocity and 



I sequence of the 
■ IhKtonhe spindh 

Motion is given to the spindle and fly by 



bands, i 
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und to the rollers by toothed wheels, which will be 
seen in the figure. 

la later forms of the machine, one of the arms of 
the fly is made hollow, and the thread is passed 
through it. 

la a recent throstle spinning machine, the fly has 
SMunned the form of a hollow cylinder, and this is 
considered to be an important improvement. 

387. According to the degree of fineness required 
for the threads, the operation of drawing is repeated 
two^ three, four, or even as many as eight times. 
Even in coarse yarns, three successive drawings are 
often performed. In the first, six slivers are united 
into one ; in the second, six of the first ; and in the 
third, nine of those formed by the second drawing. 
The degree of extension of the rolls from the time 
they leave the cards is therefore 

6x6x9=324. 

When six successive drawings are employed, the 
extension may be represented by 

8X4X7X6X6X6=42,384. 

In the finest spinning it is sometimes as much as 
70y000. These degrees of fineness can only be ob. 
tained from Sea Island cotton. 

388. The motion of the mules in the finer spin* 
Ding is slower than in the coarser. Thus, in spin. 
mng thread denominated No. 40, from that number 
of Eanks, each of 840 yards, being contained in a 
poandy the mule makes three motions in a minute, 
while in the higher numbers no more than one is 
performed in the same space of time. 

389. The latest improvement which has taken 
place in this art is the introduction of the self-acting 
irnde. The spinniers of Great Britain having, under 
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false views of (heir interest, associated in trades 

unions, the owners of the manufacturing establish- 
ments were compelled to seek for such improve* 
menta in machinery as might render them independ. 
ent of their workmen, and were successttil. This 
machine is one of the most splendid triumphs of hu- 
man ingenuity j and, so far from having interfered 
with the comforts of the spinners, it seems to have 
rather advanced their prosperity, hy enabling them 
to free themselves bom a thraldom imposed by the 
idle and dissipated members of their own body. 

It happens, fortunately, thai all improvements can 
be but slowly introduced, as they demand the sacri- 
fice of the capital already invested in the older 
forms. Thus, while the combination was broken 
up, the means of occupation slill remained in the 
old machinery. 

The self-acting mule has been recently executed 
successfully in the United States, and will probably 
aid most materially in the extension of the cotton 
manufacture among us. 

The common mule is represented in Fig, 93, on 
page 290. 

290. The business of cotton spinning has been 
much decried as injurious to the health and morals 
of the persons employed in it. This, however, has 
been thoroughly disproved by accurate statistics in 
Europe, whereby it appears that the factory work- 
men are not only better paid, but have a better 
chance of life and higher moral character than the 
agricultural labourers. In that country it has cer. 
tainly tended to elevate a debased population, and, 
therefore, it ia riot to be feared that in ours it will 
lower the standard of morals, while it will add ma- 
terially to the comfort and independence of Jhoso 
who must be supported by the labour of their handa. 
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I' There cao be no comparisou between the comforts 

pgoyed by the feitiaies employed in man ufac luring 

lablishments, and those who accompany their fam- 

ea in seeking agricultural establiahments in the 

ffw Btatea of the West. 

F/ax Spijining. 

F291. Cotton adapts itself to manufacture by ma. 

' lery with greater ease than any other of the roa- 

als whence tlireads can be spun. But, in spite of 

e difficulties which have opposed the spinning of 

wl, worsted, and flax hy macliinery, ihey have 

a overcome in a great degree. The general or- 

r and character of the methods is similar to that 

bployed in the spinning of cotton, and the ma- 

hinery used in tlie latter has served as the type of 

nt which has succeeded in the other cases. Each 

ierent material, however, requires modiflcatJoDs in 

e structure and mode of working the apparatns, 

^lich, if they involve no important difierence of 



bciple, . 



|insidered t 
spinning c 



vithstanding. absolutely essential 

;s3 of (he operation. The process by 

e thread is spun from flax may be now 

learly as complete as that used 

; but the completion of this pro. 

lise to lead to results in any de- 

e as valuable as those which have attended the 

Otton manufacture. The diiTerence is owing to 

) great diversity in the preparation of the two 

pnbstances. Cotton is fit for carding when it leaves 

e gin of Whitney, and is only subjected to inter. 

diale processes in consequence of the compres- 

a it has undergone in packing, and the dirt which 

I entered it. These intermediate processes are 

niple and easy. Flax, on the other hand, requires 

plcaig and troublesome process to separate the fibra . 

^ BbS 
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from the matter with which it is combined, and 
must uodergo several auccessive operationa of great- 
er diOiCLilly than carding, before it can be spun, 

292. The subsequent procesaes are drawing ro. 
ving, and spinning, as in the manufacture of cuttoo; 
but it is necessary that the flax t>e kept wet, which 
lendet^ the manufacture disagreeable to the persons 
employed. 

292. Flax has, until recently, been obtained frota 
the plant by the process of rotting or retting. In 
this the bark and woody fibre of the plant are de. 
compusod. This operation may be performed by 
exposure to air and moisture upon a meadow. It is 
then called dew-retting, but is more efTectually ac 
twmpliahed by steeping the flax in ponds or artificial 
canals for lU or 12 days. The water with which 
these are charged ought to be soft. Exposure on 
the grass for a few days is sufficient to complete the 
process. 

This method is tedious and unwholesome, not only 
to those employed in it, but lo those who reside in 
the neighbourhood. The flax also is liable to injury 
from the putrefaction being carried lo too great aa 
extent, while il may be, if the decomposition Is not 
sufficiently advanced, but partially freed from the 
woody fibre. Various attempts have, in conse- 
quence, been made to destroy the impurities of the 
plant by machinery. None of these seem to have 
been successful as a preparation for the finer fabrics. 

The decomposed woody matter is separated by a 
process colled Ireakiitg. This was formerly per- 
formed entirely by hand, but is now effected by ma- 
chinery. Breaking is performed by blunt iron teeth, 
fixed in pieces of wood, one set of which is fixed aod 
the other moveable. When performed by machinery, 
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There can be no comparison between the comforts 
enjoyed by the females employed in manufacturing 
establishments, and those who accompany their fam- 
ilies in seeking agricultural establishments in the 
new states of the West. 

Flax Spinning. 

291. Cotton adapts itself to manufacture by ma* 
chinery with greater ease than any other of the ma- 
terials whence threads can be spun. But, in spite of 
the difficulties which have opposed the spinning of 
wool, worsted, and flax by machinery, they have 
been overcome in a great degree. The general or- 
der and character of the methods is similar to that 
employed in the spinning of cotton, and the ma- 
chinery used in the latter has served as the type oi 
that which has succeeded in the other cases. Each 
different material, however, requires modifications in 
the structure and mode of working the apparatus, 
which, if they involve no important difference of 
principle, are, notwithstanding, absolutely essential 
to the success of the operation. The process by 
which coarse thread is spun from flax may be now 
considered to be nearly as complete as that used 
in spinning cotton ; but the completion of this pro- 
cess does not promise to lead to results in any de- 
gree as valuable as those which have attended the 
cotton manufacture. The difference is owing to 
the great diversity in the preparation of the two 
substances. Cotton is fit for carding when it leaves 
the gin of Whitney, and is only subjected to inter- 
mediate processes in consequence of the compres- 
sion it has undergone in packing, and the dirt which 
has entered it. These intermediate processes are 
simple and easy. Flax, on the other hand, requires 
m kog and troublesome process to separate the fibre 

Bb» 
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the leeth of the other. The wool being coUecledo" 
a doffer, is stripped from it by a comb in a continu- 
ous fleece. The operflion of scribbling ia repealed 

These fleeces are then passed througli the carding 
machine, which is constructed on the same principle 
as the cotton carding modiiae ; but the doffer, instcatl 
of being entirely covered with teeth, is studded will* 
strips of card about four inches in breadth. Th9 
wool is therefore stripped off in fine webs of that di- 
mension. Ttiese fall into a trough of the shape of 
a half cylinder, and are formed into tolls by a fluted 
cylinder which revolves within ihe trough. 

296. The rolls are next passed through a machine, 
called the slubbing billy. This is analogous to the 
roving machine of the cotton manufacture, but has 
rarely been aucceasfully driven by any other prime 
mover except human strength. The subsequent pro- 
ceases are so like those employed in the cotton maa- 
ufacture, that they do not require description, and, 
with the exception of the scribbling and carding ma. 
chines, whose differences can be understood by a 
verbal description, the distinction between the ma.> 
chines used in spinning cotton and wool are so slight) 
that the same figures will serve to explain both. 
This has, however, regard only to the principle ; for 
there is so great a distinction in the characters of 
the two materials, that a machine which has been 
constructed for spinning the one cannot be employed 
in the other. 

297. Worsted la a variety of the woollen manu- 
^ laclure, in which a wool of long staple or fibre ia 

used, and is treated in such a way that ail the fibres 
ahall be laid parallel. The atuff prepared from it, 
therefore, can have no nap or pile raised upon it. 
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btead of carding, by which the longer fibres are 
broken up, an operation called combing is employed, 
in which the longer fibres are laid parallel, and the 
shorter fibres separated. • 

The comb is composed of two rows of pointed 
teeth made of tempered steel. Two combs are ne- 
cessary, and they have handles attached when the 
process is to be performed by men. One of the combs 
is fixed with the teeth uppermost, on which the wool 
is placed, and thence drawn off upon the other comb. 
The combs require to be kept warm, as there is a 
particular temperature at which the process can be 
most conveniently and successfully conducted. 

Combing by machinery has been found a difficult 
process, but has, at length, been successfully accom- 
plished. The combs are placed on two wheels which 
revolve in opposite directions, so that the teeth of the 
opposite combs shall meet each other in their re- 
spective revolutions. One of the cylinders revolves 
on a fixed axis, the axle of the other has a recipro- 
cating motion, by which it approaches and recedes 
from the fixed cylinder four times in each revolution. 

The machine is made to register its own motions, 
and rings a bell when it ought to be stopped, in order 
to remove the combs which have become chargeiji 
with wool. 

These combs are then heated, and placed in an- 
other machine resembling in action the do'fier of a 
cotton mill, by which the wool is drawn off in a con- 
tinuous roll or sliver. This is received in a tin cyl- 
inder. 

il98. Hand-combed wool is formed by the hand 
into rolls of from five to seven feet in length. In # 
applying these to the next machine, it is necessary 
to lay them on an inclined plane of plank, and to join 
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the ends by haod ; "while wool combed by the ms- 
chiae is drawn out from (he cans. 

299. The next pToc«3s resembles in character the 
drawing and doubling of itie cotton maoufacture, and 
is perfonned od an apparatus called the breaking 
machine. The thread is formed by successive oper- 
ations of drawing, spinning, and twisting, by melnods 
and machines which have a general reseinblasce to 
those used in [he cotton manufacture. 

SiHc Manufacture. 

300. The production of ailk promises to be an ob- 
ject of great importance in the United Slates. Our 
climate has a remarkable resemblance to that of 
China, the native country of the silkworm ; and not 
only do the European and Asiatic varieties of the 
mulberry, which is the proper food of the silkworm, 
flourish from Connecticut, or even farther north, to 
Florida, but we have a native species, which, from 
late experiments, appears to be as well adapted to the 
purpose as any of the foreign. 

301. The silkworm spins a web of the form of 
an egg, called a cocoon, in which it encloses itself. 
The insect must be killed by the heat of the aun or 
of an ovf n, or by the steam of boiling water. In this 
state the cocoon may be kept for a short time, but 
cannot be transported to any great distance. In or- 
der to convert the (ilamenis of the cocoon into the 
raw silk, in which form it becomes an article of com. 
merce, they must be drawn from the cocoons and 
formed into skeins. This operation is thus perform, 
ed : the cocoons are thrown into a vessel of water, 
which is placed upon a charcoal tire, in order to 
maintain the liquid at an elevated temperature ; Uw 
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warm water dissolves the gummy animal mailer by 
which the thread of the cocoon iH held together ; a 
whisk or broom being then plunged into the water, 
BUch filaments as it may como in contact wiih ad- 
here lo it, and may be drawn out. A number, gen- 
erally four, of theae are taken, twisted together by 
the fingers, passed through an eye made of wire, and 
attached to the reel ; this operation is repeated, and 
four more (ilaments twisted together are applied to 
enother part of the reel, in such a manner that two 
threads may be reeled at a lime ; the reel \a then 
turned by hand, requiring no greater force than the 
Btrength of a child, and a grown person attends to 
attach new filaments, as those of ih^ first cocoon 
are expended. 

The reel is so constructed as to have an alterna- 
ting motion along iis axis, through a space of about 
three inches, in order that the successive parts of 
the thread may not fall upon each other, in which 
case they might adhere by the gum which coats ihcir 
surface. Bui a breadth of three inches ia sufficient 
lo allow the gum to become dry. 

The reels are also moved by machinery, in estab. 
lishments called filatures. 

302, Raw silk thus formed inio skeins is an im. 
portant article of commerce, for in many of the coun- 
F tries which produce silk it is not manufactured far- 
L (her. It would appear probable that il would for a 
I long time be more profitable in ibis country to pur- 
I me this plan, for the labour required in the successive 
I operations by which it is fitted for weaving is so 
I great, in spite of the introduction of spinning machin- 
I ery, tliat it can be performed in countries where hu. 
^>^an strength ia leas in demand on more advantage- 
"Mb terms than in the United States. 

More profit will be derived from the preparalion 
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of raw silk from ihe greater part of the cocboa% 
than in that of sewing.ailk, to which it has princi- 
pally been applied in the United States. 

303. The firstatep in theroanufaciure of siikfrom 
its raw state is culled wiading. In it the skeins are 
replaced upon reels, and drawn thence upon bobbinsi 
Winding was formerly performed by liand, ona ma- 
chine carrying four bobbina, drawing from a like 
nnmber of reels. Similar machines are now driven 
by water or a steam-engine. The great diHiculty 
ID this operation consists in the Decesstiiy of nneniiiDg 
the threads which break, and in some of the silk-milla 
of England no fewer than one thousand cliildren are 
employed in this operation iilouc. 

304. The subsequent processes are doubling and 
throwing, or twisting. In the former, two, three, or 
more threads are laid together on the same bobbin. 
In the latter, these arc wuund upon another bbbbin 
by means of a spindle and fly, as in the throstle spin- 
ning of the cotton manufacture. 

Weaving and Finishing. 

305. Weaving is performed upon an engine called 
the loom, which is among the most ancient of all ma- 

, chines. Woven cloth is composed of two aeta of 
threads crossing each other at right angles. Those 
which extend lengthwise arc called the war^ the 
cross threads are called the woof or filling. When 
Ihe filling pasies up and down between all the threads 
of the warp, the cloth has a uniform surface. By 
making it pass above or under more than one thread, 
before it changes to the opposite face of the cloth, a 
twill or diagonal edge may be raised, or patterns of 
any figure may be formed, as in the article known by 
the name of damask. 



leh thread of which it ia made up must be wound 
a separate roll upon a beam. This was formerly 
rery laborious operation, but is now performed by 
Bery ingenious machine of American invention. 

'n which weaving is performed will 
1 Fig. 94, which repreaenls u 
it and still most usual form. 
Fig. M. 
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A A & A. Woodm frime wbtch ntcioan tlw loon). 

B. Beon co wbicb Ibe warp u wmdJ. 

aa.H. Heddio, '1 bcH ice ivoin DumbrT.uiilaieeBcklbniierf 
III iwu iiils. n and b, unital try threads. The Ihnub m lni|ied 
Dcii the middle, ind the Ihrndi ofUiewirpwc MMSdlluoigli 
tfaeie loop!. 1 he firat ibnead » puaed IhrDugh Ibc GtU Hop 
on >, tbe Kcuod Ituough ihe finl loop on b, and ibiu dienulilr 
nniil all the w*rp b» been vaHJ. 

Tbe hFddlei mre (lUfWnded from pulliea by conU rtichinB lo Ibt 
[nwHeaDBod E. Hy ippljing tbe ftMH la ihe tnulle^ oH of 
tbe heddlet i* raimd and ine other ii deprwseJ. TbeilKmiM 
Ihresdi (rf tbe loop lie Ihui teparaled. leading an openini be- 
Iwsen them for the pun|e ol the ■buttle. 

■H H. Bum. This ii a fiime of wood which Bwinge on Imge* 
from tbe upper psrt of (be frame ; ibe lauet te fumuhed belo" 
with • fnoM. whicb leceites the nmL The ihrembi of tbe 
sugh ibe leed >fur lhe|r leaie llie brddlti, 
U> Ibe cloih beam K. 
iien projecu on each aiile bejond the wn- 
III31I uaii n n. aoo eiteoife about an inch and a half in boil df 
tbem, Ibiinini a Toil or alielf on which the ahiiltle run*. 

L. Seat. 

The ahuttle ia represented on a larger scale at S. 
It isan tiblong piece of wood, pointed at both ends,and 
furniahed with two rollers, to cause it to run on it« 
race with Utile friction. The euda of the shuttle-wee 
are formed into troughs, 1 1, by tneaDs of thin boards, 
and in ench of these is apiece of 'horn or thick leath- 
er, called a pecker. The peckers have holes latiKBi, 
throiigheachof which a short wire is passed to serve 
aa a guide. Each pecker has a stiing fastened to it. 
and the two strings meet in a handle, which ia held 
by the weaver. The shuttle being placed in the race 
between the peckers, the weaver jerks them alter- 
nately by means of the strings, and the two peckers 
are thus caused to strike the shuttle in succescioti, 
and throw it to and fro between Ihe threads of the 
warp. Between each motion of the shuttle, the 
weaver, by applying his feet alternately lo the treadles, 
causes the heddles to rise and fall, aod thus closes 
the warp behind the thread which is carried by the 
«)iNll]e. The batten is then drawn up forcibly, end 
completes the web. 
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307. The thread which is carried by the shuttle 
is wound on a small bobbin, which is fitted on a wire 
or spindle lying in a rectangular mortise formed in 
the upper surface of the shuttle. 

308. la order to form a tweel or other pattern, 
more than one pair of heddles is used ; and these 
are connected with treadles, which set them in mo- 
tion when they are needed. 

The heddles are sometimes so numerous as to re* 
quire the aid of a boy to work them. 

309. Before the addition of the peckers to the 
loom and the application of rollers to the shuttle, 
the lattei" was thrown from the hand of the weaver, 
provided the cloth were narrow ; but in wide 
webs it was necessary for an assistant to be placed 
on each side of the loom, to recover and return the 
shuttle. 

310. The motions even of the common loom are 
so complex, that it would appear difficult to substi- 
tute any other power for that of man. Looms to 
be driven by water or steam have, however, been in- 
troduced with success, under the name of the power 
loom. A front view of one of these is, represented 
in Fig. 95, and a side view in Fig* 96, on page 304- 

311. In order to finish cotton cloths, the pile or 
loose fibres are first singed off. This is peiformed 
by drawing the fabric slowly and steadily, by pollers 
moved by water or steam, over a cylinder kept at 
red heat. 

The surfiice is then rendered smooth by calender- 
ing, which is an operation similar to that of man- 
gling. A box containing heavy weights may be 
rolled over the cloth until it is perfectly smooth. 
Some fkbrics are glazed by friction, after having 
coated the surface with a little wax. 




The best calenders are compoaed of rollers, ai 
theae have been sligblly modified lo answer the pii 
pose of glazing also. When they have this fori 
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the cloth is passed through them with a continuous 
motion. 

312, The finishing of woollen cloths begins with 
the process of fulling. This consists in agitating 
and exposing new surfaces to the action of water 
charged with fuller's earth or soap. 

This operation is performed by mallets hung from 
a fixed axle, on which they have a reciprocating 
motion. The faces of the mallets are cut into steps, 
so as to double and bend the cloth in various dl- 
rections. 

313. After the fulling is completed, the cloth is 
stretched on vertical frames between tenter.hooks, 
in order that it may not shrink too much in drying. 
While in this position, any knots or uneven parts 
are removed from the surface of the cloth, and any 
holes which exist are darned up. The cloth is then 
beaten again for some hours in the fulling mill, for 
the purpose of causing the thread to adhere in the 
manner of felt. This operation is repeated several 
times, and the cloth thus becomes capable of receiv- 
ing a fine surface, and is less pervious to water. 

814. The next process is called dressing. This 
consists in raising the nap of the cloth. The only 
article which has been found to answer this purpose 
is the boll of a species of thistle called a teazle, A 
number of these were formerly arranged on frames, 
like those of the cards originally employed in the 
cotton manufacture. They are now arranged on a 
cylinder which is driven by machinery. 

315. The nap thus raised is finally shorn. This 
was formerly done by hand, using large shears 
whose blades were fastened together by a steel 
spring. Various attempts have bpen made to shear 
cloth by machinery, and some of these have been 

Cc2 
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auccesafiil. In, the most eieganl of ihese mii 
tlic nap is cut by spiral knives arranged on me 
surfitce of a round rod or small cylinder, and the 
cloth is drawn forward by rollers. 

Printing Maehirtes. 

316. Tlie printing press in its original form ww 
csli'cinely rude, being no more than a common screv 
press with a set of ways, on which the form contain- 
ing the type could be pushed beneath the point o( 
pressure, and withdrawn between each motion of the 
platen, by which the paper was forcibly urged 
against the type. The great defect of this instru- 
ment, namely, that it required as many revolutions 
of tho screw to raise the platen as had been em- 
ployed in bringing it down, was remedied by a 
Dutch artist of the name of Blaew, who added a 
spring by which the platen was hf\ed the moment 
the action of the lever, by which the screw was 
moved, ceased. In this state the printing press con- 
tinued until the beginning of the present century. 
From that time the alterations and improvements 
which have been introduced have been too numer- 
ous to allow us even to give a list. The most im- 
portant of all these improvements, without which tbe 
application of any prime mover except the strengdi 
of man might perhaps have been impracticablerlKUt 
the mode of inking the types. This was fbrmsrijir 
done by means of hollow balls of leather. It is 
now universally performed by means of n n^er 
composed of a mixture of molasses and glue, whiobt 
after various trials, has been found better suited (o 
the purpose than any other composition which haa 
been tried. 

317. The most perfect printing machine which 
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has yet been constructed is thai by Applegarth ana 
Cowper. It 18 planned to print both sides of the 
sheet beforo it leaves the machine, and turns out 
from 800 to 1000 sheets per hour, which is eight 
limes as many aa can be performed by the common 

For newspaper printing, where one side of the 
sheet contains advertisements and other matter 
which may he printed in advance of the side which 
contains news, it is important lo print as many 
copies as possible of one side of the sheet within a 
given time. Applegarth and Cowper have con. 
Mnicted one adapted to this object for the London 
" Times," and by means of it 4300 impressions 
hare been obtained within the hour. 
' Printing machines are necessarily complicated. 
^ffe cannot, therefore, undertake to describe one in 
'iB its details, but the general principles on which 
^plegarth and Cowper's double press acts will be 
inderstood from Fig. 07. 

B is the feeder, which is composed of an end- 




less band of linen cloth stretched over two roll- A 
era C and D. F and U are the printing cylin- ^1 
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ders, made of iron, truly turned, and covered with 
a fine woollen cloth. Over these and the subsidi- 
ary cylinders E, H, and 1, are stretched two sys- 
tems of endless tapes, one of which is represent- 
ed by a continuous, the other by a dotted line. 
Their direction and tension are maintained by a 
numberof small rollers, whose sections appear in the 
figure. The tajicB are ao arranged in number and 
distance from each otl>er as to lalt upon the parts 
of the sheets which are to be lef\ blank. 

Immediately beneath this part of the apparatus is 
a long table, on which are placed the two forms of 
type, and whicli has an inliing apparatus at each 
end. On the perfection of the latter the success of 
the process mainly depends. The table has an al. 
ternating motion, by which the forms are brought 
liader the printing cylinders to meet the sheets, and 
withdrawn between tiie times of their passage under 
those cylinders. The feeder B has also a motion to 
and fro, by which the lime at which the sheets sue 
ceed each other is regulated, and the motions of the 
(able and of the rollers are adjusted in exact con. 
for mi [y. 

The paper being laid upon the feeder as it re- -. 
tires, is carried in its return within raach of the 
point at which the two systems of tapes first meet 
upon the cylinder E, and is drawn between them. 
The paper is thence carried in the direction pointed 
out by the arrows, under the printing cylinder F, 
where it meets the first form of type, and receives an 
impression on one side. It is next carried over the 
cylinder H, under the cylinder 1, to the printing cyl- 
inder G. To this the side which has already been 
printed by passing under F is now applied ; the 
blank side of the sheet is therefore downward as it 
passes under the printing cylinder G, where it meeta , 
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ine second form of type on the return of the table. 
Afler thus receiving an impression, the sheet is 
thrown out printed on both sides at K, where the two 
systems of types separate. 

The machine may be set in motion by a band from 
the axle of the fly-wheel of a steam-engine. It re- 
quires so little force to turn it, that ten have been 
driven by an engine of five horse power. It may 
also be turned by hand. When propelled by steam 
it requires but two persons to attend it, one to lay 
the paper on the feeder, the other to receive the 
printed sheets. 



310 PRACTICAL UECHAMCl. 



1 



318. Mines are excavations made in the crust of 
the earth for the purpose ofobtaining u^crul minerals. 
From this definition are to be excepted quarries of 
atone, and works intendiad for obtaining ciay, sand, 
and other substances of little value. The term is, 
in fact, confined almost wholly to excavations intend- 
ed to obtain the useful metals and coal, 

319. The minerals which are the objects of mi- 
ning, may be found : in beds in alluvial and diluvial 
soil, or mixed with the sand and gravel of these for. 
mations ; in regular strata in secondary formations ; 
and in veins traversing the more ancient rocks, 
whether stratified or not. The substances of value 
which are obtained in the lirsl of these positions are 
the bog and meadow ores of iron, tin, and gold. 
Coal and ironstone are the most important minerals 
found in the second class of formations. All the ' 
useful metals are found in the third of these pcsi- 
ttons, but coal occurs only in the second. 

320. Veins are fissures in rocks, extending gen- 
erally to unknown depths, and which are filled up 
with minerals totally different from the rocks which 
they traverse. These minerals are sometimes whol- 
ly earthy, and the veins are, in consequence, barren. 
When they contain metallic ores, earthy matter may 
still form the greater part of the mass of the vein ; . 
in other cases, the metallic matter may he the body 
of the vein, and what enrthy matter is present may 
be adventitious. In almost all cases veins are iaclu- 
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ded in rocky envetopesy diSkring from the formatioa 
they traverse. 80 mach of this as lies above the 
vein is called the roof, that which is beneath is call* 
ed the floor. 

Veins are of three descriptions, the flat, the pipei 
and the rake vein. All of these are subject to con* 
traction and enlargement, and the metallic matter 
they contain may vary materially in quantity in dif* 
ferent parts of them. The richer parts, however, 
usually occur in strings or continuous masses, gen« 
erally nearly parallel to each other, and having a 
constant direction and inclination. These appear to 
be properly the lodes, which most writers have con« 
founded with the veins themselves. It is by this va« 
riety in thickness, and in beins made up of lodes, the 
intervals between which may oe barren, that the flat 
vein is to be distinguished from a bed or regular 
layer in a stratified formation. Flat veins have 
been in many instances traced to rake veins, and 
they appear to be, in fact, branches of such veins, 
which have spread themselves out horizontally, or 
nearly so, in the joints and weaker parts of the rock 
traversed by the rake vein. It may however hap- 
pen, that convulsions, which have occurred subsequent 
to the formation of the vein, have separated the flat 
from the rake vein, whence it derived its origin. 

Pipe veins, are oblong, rounded masses, subject to 
the same law of contraction and enlargement as the 
rake and flat veirfs. They have probably been form« 
ed by the branches of a rake vein, and in the same 
manner as those which are flat, and have in some in- 
stances been traced to such a source. 

921. To discover mines is attended with consider- 
able difiiculty, for geology as yet furnishes us with 
no certain rules for pointing out the positions in 
which they probably exist. On the other hand. 
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geolDgy gives positive and unequivocal indicalimiB, 
whence ii ivili be at once known that rainea cannot 
be fuund in given sites. But even in formations i[ 
wliich mines may possibly exist, tho fact of iheir 
doing so can only be ascertained by actual researcli. 
latlicuTionG may sometimes be detected which may 
encourage the undertakiog of such researches. 
These are fragments of ore in the diluvial soil, the 
decomposed rock, or the vegetable mould, Greal 
caro must be taken to distinguish these from pieces 
which have been transported from a distance by the 
action of water, for the source of the latter may lie 
el the distance of miles. 

Minerals which occur in veins are never found in 
formatjons more recent thaii the older secondary ; 
the Ibrmations which are next subsequent in date to 
the coal measures are the newest which are trav- 
ersed by metalliferous veins, and it even appears 
that they do not exist in them when coal actually lies 
beneath. In some coal-fields, as in that of Durham, 
a few metalliferous veins have been found ; but tbesr. 
are rather an exception to a general rule, and a coal 
formation is one of the least likely places (o search 
for the more rare metals. It is otherwise with iron ; 
. this, in a form called iron-stone, which is an argilla- 
ceous carbonate of that metal, exists in many coal- 
fields, in layers coextensive with the coal itself. It 
is, therefore, an inquiry which is well worthy of at- 
tention, whether ibis ore, so valuable from its associ- 
ation with the fuel by which it is i>est smelted, cannot 
be found. Metallic veins may exist in all the forma- 
tions of more ancient date than the coal measures, 
and are more likely to exist in a given part of them 
when it has been much disturbed, and the surface of 
the ground is rugged and mountainous. In the older 
stratified formations, magnetic iron, and pyrites, 
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oflen rich in gold, occur not only in veins, but as reg. 
ularly stratified rocks of the formation. A full 
knowledge of these rules, in a more extended and 
precise form, will enable the geologist to determine 
whether a formation whence an ore- is brought is 
such as to render the existence of a mine probablei 
or its working likely to be successful. 

822. In the neighbourhood of mines which have 
been worked, the search for new bodies of mineral 
may be conducted with much less difficulty than in 
an unexplored region. Coal, and other minerals 
which occur in strata, have oflen, for considerable 
distances, the same inclination ; and, even when there 
is a dislocation in the strata, these minerals still re- 
tain their relative position to the other rocks of ihe 
formation. The lodes of flat veins, and the mass of 
pipe veins, also maintain a direction and inclination 
which, for any considerable distance, is constant. 
The rake vein, if less regular than either when view- 
ed within a limited space, is, notwithstanding, even 
more constant in its general direction and mean in- 
clination. In consequence, when a vein has been 
opened at the surface, and worked until its general in- 
clination or dip become known, it may be struck with, 
in a few feet of the calculated position by a vertical 
pit, commenced at the distance of many feet from 
the place where the vein crops out. So also veins 
have been traced in Cornwall for several miles, by 
following the same bearing of the compass, and ex. 
cavations have not failed to strike them when not 
the slightest indication was visible at the surface* 
Coal may be found with even greater certainty ; for 
the extent and limits of a coal-field can be ascertain. 
ed with great precision, and anywhere within the 
space coal will be found, at a depth which may be 
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calculated from ihe 
of the basin. 

323, The place where a body of r 
uppenra at the Kurfkce, or even when i 
outer racsAl' a rock covered with sail 
ted rock, is called ita outcrop. 

Where the outorop of a veia or stralum is expectwi 
to exist, ihe search for it may be conducted bj an 
open trench. Tliia ia iulended for the purpose of 
removing the alluvial and diluvial deposites, with 
such p«rt9 of the rock formation aa have been diain- 
tegraiedhy the action of the weather. The direolkm 
of such a trench must be across the probable direction 
of the vein' or other mineral site. Nothing more 
can be done in this way than to determine whether 
a mineral exist or not in the position where its out* 
crop is suspected to be. 

824. Whether the knowledge of ihe existence of 
e. vejo or Blralum be gained in this or in any other 
way.'its probable value, and the mode in which it 
may be beat approached and entered, can only be 
determined by subterranean works, unless the ne- 
cessary facta can he inferred from mines worked in 
the neighbourhood. 

With these works in the vein or bed itself, accu- 
rate geometric aurveys, both of the horizontal dimen- 
sions and level, must be combined, and all the sub- 
terranean works must also be carefully measured, as 
well in their lineal dimensions and direction, as in 
their inclination and change of level. Records and 
maps of such surveys must he carefully preserved, 
for it ia only by reference to them that any true 
knowledge of the state of the works can be obtained, 
or any sure plans laid down for its subsequent work- 
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E 325. Subterranean works of research may be 
*W0lsr galleries or shaP.s. The former are passages 
hfrt ID a poaition nearly horizontal. The latter are 
^ts, And may be eilher vertical or inclined. Galle- 
stfes may be either direcled along the body of a vein 
i* layer, or may be Dearly perpendicular lo that di- 
rection. Inclined shafts will follow the inclination 
l^the vein downward, while those which are vertical 
ijuy pass through the rocks in which it lies. 

jT. 836. When the rocks whiob overlie the mineral 
^re not too hard, the search for it may be pursued 
Af boring. The instrumont usually employed is no. 
nNsg more than a large auger, the shank of which 
W composed of a number of separate pieces, which 
Hire joined to each other in proportion as the depth 
uMcreases. The joint is formed by a square mortise, 
gjno which a square head drops ; the two pieces are 
Bien keyed together. The auger is provided with a 
^nimber of cutters of different forms, eaoli adapted to 
^me particular description of soil. 

837. Mines are sometimes worked open to the 
Vpy ; this is usually the ca»e with quarries of stone, 
LVid always with alluvial and diluvial ores of iron, 
hrilh clay and sand, and with turf. In the same woy 
■ «re worked the greater part of the lignites, some 
tjbeds of coal, the iron of Elba, and various metaUic 
vBiinerals in Sweden and Norway. In this country, 
ihe great beds of coal which are found at Mauchunck 
^ve hitherto been entirely worked in this manner, 
imd the same is the case with the valuable bed of 
Itematite at Salisbury, Conn. 

This mode of working can only be profitably per- 
i.Jbrmed when the mineral lies nearly parallel to the 
•arfkce, and the whole of the cover can be easily 
Staved. 
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328. Sabterranean works alone are general 
plicable 10 the greater part ofmiDeral siLea. 
however, ia the difference in the manner of their oc. 
currence, that methods of very different character 
tnuat be adopted, corresponding (o the great variely 
of circumstances in which valuable minerals occur. 
Minerals may occur in positions which can be class- 
ed under five distinct heads. 

i. Veins or beds nearly vertical, or having an in- 
clination of more than 45°, and whose average 
thickness does not exceed 6 feet. 

2. Beds whose thickness is not more than 6 feet, 
and which are horizontal, or nearly so. 

3. Beds of great thickness and small inclination. 

4. Veins or beds nearly vertical, and of great 
thickness. 

5. Masses whose dimensions are considerable in 
every direction. These may either be portions of 
a very thick bed, or a space the whole of which 
must be extracted in consequence of the number of 
veioa which intersect it. 

329. The working of mines includes two very 
distinct classes of operations : those which are pre. 
paratory, and those by which the mineral is remo- 
ved. The preparatory works consist : of galleries 
or shafls, by which the miner reaches the fittest place 
for beginning to extract the mineral ; of similar 
works, by which the site of the mineral is reconnoi- 
tred ; of passages of either description, for the drain- 
age of water, for the circulation of air, and the 
transportation of the mioerals after they are aepai> 
ated from the vein. 

When a vein or bed is situated on a hill, and its 
direction is nearly perpendicular to the face of the 
height, and crops out at its surface, a gallery should 
be opened in the outcrop at the lowest accessible 
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posiliou. This will serve the double purpoae of 
draining the mine, and of exploring the nature and 
value of the mineral, in the dirootum of the vein it. 
9e\L Farther researches may be carried on by 
pushing galleries or inclined shads upward from this 
main gallery, and uniting them from time to time by 
cross galleries. In all works of this latter descrip- 
tion, it is important that they be laid out with the 
greatest regularity, and carried on in lines parallel 
and perpendicular to each other. 

When the vein is situated in a hill, and is nearly 
parallel to its face, a gallery is driven in such man- 
ner as to cut the vein in the most direct manner, 
and at the lowest accessible level. A cross gallery 
is then cut to the right and lefl in the vein itself, and 
works similar to those last mentioned in the former 
case are pushed upward in the vein. 

When a bed or vein is much inclined to the hori- 
zon, a vertical shaf\ should be sunk, beginning at 
some distance from the vein, on the side of its roo( 
and be carried down until it cuts the vein. If, how. 
ever, the roof is of such a nature that it is to be 
feared that it may not stand, the shaft may be sunk 
on the side of the floor, and a horizontal gallery 
driven towards the vein, until it is cut from the bot- 
tom of the shaft. In some cases, an inclined shaft 
may be sunk in the vein itself. This will be longer 
than the vertical shafl, will be less solid, and more 
costly in its structure ; but it will sometimes cut 
through ores or minerals of considerable value. It 
also serves to explore the vein. On the other l^md, 
the part of the vein through which it passes cannot 
be touched without danger ; and more ore will tbijf 
be lost than is extracted by the shaft itself. 

If Uie vein or bed be nearly honzontali and II9 
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deep in the ground, the preparatory work must also 
be a yerlicai shaft. 

Were it not for the expense, it would be betti^Tfia 
both these cases, to sink two shafts, in order 10 
obtain a circulation of air. These must be united 
by a gallery cut in the vein or bed. 

When two veins cross each other, the shaft ought 
to be sunk in such manner as to cut them at their 
common intersect ioo. 

330. After these preparatory works are finished 
and those of extraction are commencBd, it is still 
necessary to carry on works of research, in order 
that the working of the mine may not be suddenly 
checked. These works of research consist in gal- 
leries crossing each other at right angles when the 
inclination is small, or in inclined pits and horizon- 
tal galleries when it is great. They are to be cut 
in the vein itself, occupying its whole thickness, and 
are extended into the wall and roof, or even into the 
adjacent rock, when the vein is thin. These gaiter. 
ies or shafts must be not more than from 80 to 150 
feet apart. In some cases the want of fresh air will 
make it necessary to cut galleries at less distance* 
than these from each other. 

331. The spaces into which the vein or layer i« 
divided are then to be taken out. This is done by 
working in a series of steps when the inclination ia 
great, or by galleries crossing each other ut smaller 
intervals when the bed or vein is nearly horizontal. 
In the latter case, no more of the vein is left than 
pillars of sufficient strength to support the roof. 
When the mineral is of no great value, these pillara 
are sometimes lost altogether; in other cases they 
are removed, and replaced by wooden posts. When 
the whole of the mineral is removed, these posts ara 
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sometimes taken out and the roof allowed to crush 
in. This operation is oflen dangerous, but is fre- 
quently absolutely necessary, to maintain the value 
of the mine, and provide for its being worked with 
ease. 

Of all mines, whether in veins or beds, those which 
have a thickness of from five to seven feet are worked 
with the greatest ease. When they are much in- 
clined, the whole of the vein or bed may be taken out 
by working in the method of steps, which has been 
already referred to. This method may be perform* 
ed either by beginning at the top or at the bottom of 
the mass to be excavated. In the former case, a 
miner begins at the side of a shaft, about six feet 
below a former working or the upper part of the 
vein, and excavates a space in the vein seven feet 
in height. As he proceeds, he forms a platform be- 
hind him of timber and plank, on which he piles the 
refuse matter of his excavation. As soon as he has 
proceeded to the distance of seven or eight feet from 
the shaft, a second miner begins on the part of the 
vein immediately beneath that which the first has ex- 
tracted, and proceeds in the same way. In the mean- 
time, the first miner continues his labours. As soon 
as the second miner has proceeded to the same dis- 
tance of from seven to eight feet from the shafl, a 
third miner is set to work beneath him, and so 00, 
until the whole space on the side of the shaft between 
two horizontal galleries is occupied. 

In the second case, a horizontal gallery, well sup- 
ported with timber, is carried forward in the vein 
from the bottom of a shaft. The first miner begins 
to work on the roof of this gallery, and throws the 
rubbish on the timber which covers it. This forms 
an inclined plane, on which, afler he has proceeded 
seven or eight feet, a second miner may be set t€ 
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work behind liim, and so on until the whole spaced I 
occupied. This niethod is applicable in veins which 
are as thin as eighieeu Inchi:s. 

Veins of considerable inclination and great tliick- 
nesa are pierced by meajis of horizontal galleries; 
aad it is necessary, unless whea limber is very abua- 
dant, to leave floors and partitions of the miaeral be- 
tween the several galleries. The mineral thus left 
is wholly lost. 

332, In very thick beds, the work ia conducted by 
dividing it into stages of about six feel in thickness. 
For tilts purpose advantage is taken, if possible, of 
natural partings, which oi^en exitit in the bed. The 
working is begun in the lower stage, and is carried 
on by a series of galleries and rooms crossing each 
other at right angles, leaving pillars in their inter- 
sections. In laying out the workings of the second 
and upper stages, the greatest care must be taken 
that their several galleries and rooms lie immediately 
above those of the lower stages, so that the pillars 
may in fact be conlinuous from the floor lo the roof 
of the bed. 

If there be any quantity of refuse matter, it must 
be used to fill up the galleries of the lower stages, 
and in this case new galleries may be cut in the pil- 
lars, by which an additional quantity of mineral can 
be taken out. The upper stage, if the refuse mailer 
be sufficient to fill up all the lower galleries, may be 
treated like a thin bed, and the whole of the mineral 
extracted. 

In very thin beds or flat veins, the main galleries 
by which the country is explored must be cut into 
the roof, and made high enough lo permit the free 
motion of the workmen, and of the vehicles by which 
the ore ia removed. The intervening portions of 
the layer are worked by men lying on their sides. 
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When masses of cousiderable thickness exist at no 
great depth, shafts may be sunk until they cut the 
mineral ; these are enlarged in every direction into 
the form of a cone or conoid, until there begins to be 
danger that the rock will no longer support itself. 
The shaft is then abandoned and a new one com- 
menced. 

The parts of the mine nearest to the point where 
the entrance gallery or main shaft enters it, ought 
not to be worked until all those which are more dis- 
tant have been exhausted. 

333. The dangers to which miners are exposed 
are the falling of the rocks, which are always di- 
vided by joints or fissures ; the crushing of loose 
earth or decomposed rock, and particularly of quick- 
sand ; accumulations of water, and collections of foul 
air. 

334. The galleries and shafts may be cut in strong 
and firm rock ; in this case they will need little or 
no support. When this is not the case, shafts re- 
quire to be surrounded by a kerb. This may be 
composed of timber or of masonry. In the former 
case the shaft must be rectangular, in the latter 
case it is circular or elliptical. 

Galleries are sustained, when necessary, by a se- 
ries of frames, each composed of three pieces of tim- 
ber. These frames are usually about three feet 
apart, and if the ground on the sides be bad, the 
spaces between them are filled up with short bars of 
wood. The roof of the gallery is formed in the same 
way. 

The spaces between the galleries whence ore is 
extracted are supported by posts, upless the working 
itself furnishes a sufficient quantity of rubbish to form 
pillars wherewith to hold up the roof. 
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335. Wlicocver it is practicable, mines aboulil bo 1 
drained of water b; means of a horizontal gallery. 
Tbut which has beea spoken of among the works of I 
preparation will oflec answer the purpose. In thU 
case it is to be divided iolo two parts by a horizon. 
(al floor, beneath which the water may run, and on 
which ihe mineral may be carried out. The great- 
est slope of a gallery of drainage ought not t 
ceed ijjth. 

When the part of the vein which lies above the 
gallery is exhausted, it becomes necessary to work 
the mine beneath that level. In this case artificial 
means of drainage must be employed, and it was to 
meet an instance <^ this sort that the machine of 
Schemnitz, described in § 209, was invented. On 
the Continent of Europe and in Spanish America, 
the law provides for a division of the expense of a 
galiery of drainage among those who are benefited 
by it. Under the protection of this law, a gallery 
of several miles in length has been constructed in 
Saxony. This gallery passes at a depth of 900 feet 
beneath a village, and took 23 years to construct. 

In sinking shafts, and in drainage of no great 
depth, horse power may be used. The best arrange- 
ment for the use of this kind of force is called the 
tehim. It is a capstan, to the bar of which two 
horses are harnessed. A rope is wound around the 
barrel of this windlass, and has a bucket at each 
end, so thai as one bucket is drawn up, the other de- 
scends. The horse-palh is so wide thai the horses 
can be turned around for the purpose of reversing 
their motion. The best buckets for this purpose 
are made of two hides sewn or riveted together. 
The laits form a pipe or passage through which the 
water enters when the bucket descends into the 
well at the bottom of the shad. This pipe is then 
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lifted and hooked to the top of the bucket. When 
it reaches the top of the shaft, the pipe is unhooked, 
and the water is discharged through it. 

These buckets were originally employed in Mex. 
icoy and were made of raw hides ; in those which 
have bc^n used in this country, the hides are tanned, 
by which they are rendered much more durable. 

The most perfect of all modes of draina^rc is 
the forcing pump moved by a steam-engine. When 
the depth exceeds 180 feet, two stages of pumps are 
necessary, and an additional stage for every 130 feet 
in addition. In sinking a shaft, the pump may be 
used almost from the beginning of the work. It 
is, for this purpose, fastened to a wooden frame, the 
lower end of which rests on the bottom of the exca- 
vation. 

The single-acting engine, working expansively, has 
been preferred for working the pumps of mines ; but 
double-acting condensing, and high-pressurc en- 
gines have also been successfully employed. What- 
ever be the mode in which water is raised in a ver- 
tical shaft, it is necessary that the e^^cavation be 
continued for some feel below the workings, in order 
to form a well for the collection of the water of the 
mine. 

336. The air of mines is rendered foul by the 
breath of the workmen, the combustion of their 
lights, and the decomposition of the wood which is 
employed in supporting the galleries, dec. Carbonic 
acid in addition is often evolved by the waters, and 
carburetted and sulphuretted hydrogen are given 
out from beds of coal. Mines of metals often give 
out arsenical vapours, and those of mercury the va. 
pour of that metal. > 

Not only are these gases and vapours injurious, 
and even destructive when breathed, but the hydro- 
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geii forma with atmospheric air an explosive ( 
paiind, which, if entered by a. light, produces the 
most disastrous effects. 

For these reasons, it is of the utmost importance 
that mines be well ventilated. This should bo done 
wherever it is possible by natural currents of air, 
but it is of\en necessary to resort to artificial means. 

The principle of natural ventilation depends upon 
the fact tlial there is generally a difference between 
the temperature of mines and that of the external 
air. In winter the mines are always warmer than 
the atniosphere, and in summer they are oilen cold- 
er. So long as the difference in temperature ia con- 
siderable, it is only necessary that the mine should 
have two openings at different levels, and the exter- 
nal air will eater by the one and escape by the oth- 
er. The works of the mine must be formed, by 
means of partitions of plank, crossing and closing 
galleries into a single aeries of passages, by which 
the air will circulate backward and forward from 
the time it enters the mine until it reaches the place 
of discharge. In these partitions doors must oflen 
be placed, in order to permit the passage of the 
workmen and of the matter extracted from the mine. 
it will be absolutely necessary to keep these doors 
open for the shortest possible time, for they admit a. 
more direct passage for the air, and thus all the 
ventilation of the more distant galleries will be in- 



a single opening, whether it be a gallery or 
a shall, may serve to ventilate a mine. In the case 
of a gallery, a short shaft may he sunk at no great 
distance from its entrance, reaching from the gallery 
to the surface of the ground. The gallery is then 
to be divided into two parts by a horizontal parti. 
tion ; the upper part communicates with the shaft, 
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and the (wo parts comtnunicate only at the farthest 
extremity of the gallery. The water which runs 
in the gallery will aid in causing a current of air. 

When there is no more than one shaft, it must be 
divided into two parts by a vertical partition of 

tiank, carried down to the very bottom, or, at least, 
Boeath the surface of the water in the well. The 
galleries on each side of the shaft communicate with 
one of its two divisions, and the same arrangement 
of partitions is made as in the case of two galleries, 
■o as to form one continuous passage to and fro, by 
which the air that" descends through one of the com. 
partments of the shaft may circulate throughout 
the whole mine before it reaches the other. The 
importance of making the partitions tight, and of 
keeping any doors which may be left in them as 
much closed as possible, is even more important in 
this case than in that of galleries. 

It is to the opening of a door in a mine arranged 
for ventilation in this way, that the fetal explosion at 
Blackheatli, in Virginia, is to be attributed. By 
this explosion 60 workmen lost their lives. 

The mere agitation produced by the workine of 
the pumps in one of the compartments of the anaft 
ia often sufficient to change the temperature of the 
air in it and cause a current, but it is more safe to 
place a chimney in communication with the smaller 
compartment, by which the advantage of a differ- 
ence of level in the openings will be attained. 

A more secure ventilation will be effected in this 
.case by the artificial means of heat. A fire may 
be lighted in one of the compartments of the shaft 
U some distance from the bottom, and the chimney 
in this case wiil be unnecessary. When there is a 
chimney, a fire may be built in a furnace placed ' 
tween it and one of the compartments of the 
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TIlia furnace must have do other openinga than thoM 
by which it commuaicates with the shaft and chim- 
ney, except the door for feeding the fire, and this 
should bo only opened when the fuel is thrown in, 

nntil the mine ia sufficiently opened to permit ita 
being arranged in a aystem of pasaages for ventila. 
tion. and when the difference in (he temperature of 
the internal and esternal air ia not sutKcient, other 
artificial means may be reaorted to. Thus fresh air 
may be forced in by bellows or blowing machines of 
various deacriptiona. In thia way, however, the fresh 
air ia merely mixed with the foul, and the ventilatioa 
never complete. It ia otherwise when the foul air 
pumped from the mine by similar machines work- 
g in an opposite direction. The aimplesl machine 
which haa ever been constructed for this purpose is 
formed of one tub inverted within another, filled 
with water. A pipe passes through the bottom of 
the latter, rising above the surface of the water it con- 
tains, and is extended to ihe moat distant point of 
the mine, or to the discharging end of the series of 
passages. The first tub haa upon its bottom, which, 
as it is inverted, ia uppermost, a valve opening up- 
ward. The machine is worked by attaching the 
first tub to the pumping engine, by which it is al- 
ternately raised and lowered. 

In coal-mines the danger of explosion might be 
avoided altogether by the use of the aafcty-lamp of 
Davy, were it not that the wire gauze with which it 
is covered is liable to be torn, and it ia hardly poaai- 
ble to compel workmen to pay sufficient attention to 
keep them in proper order. When there is even a 
small rent in them, they are as dangerous as an ud- 
covefed light, and with this addition, that confideoce 
is reposed io them. 
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887. We have thus completed an attempt to givct 
in a condensed form, a view of many of the more 
important applications of the science of mechanics 
to industry. One of great moment has heen pur- 
posely omitted, namely, the principles of architecture 
and the practice of building. These are of sufficient 
moment to require a treatise to themselves, and ma- 
terials for such a work are in preparation. 

The view we have given of the application of 
prime movers, and particularly of the steam-engine, 
is calculated to give us an exalted opinion of the 
powers of the human mind, in its influence not only 
over inert matter, but over the elements themselves. 
Still, however lofty may be the estimate we thus form 
of the achievements of human genius, it will be seen 
that all which the utmost exertion of skill or talent 
has been able to effect, or, indeed, can ever accom- 
plish, is to bring into action powers and agents, pro- 
vided not merely for our own use, but for the fulfil, 
ment of the most important purposes in the creation. 
We not only bridle the wild steed, and compel him 
to bear burdens or draw loads, but we intercept the 
waters in their return course to the ocean, catch 
upon sails the whirling currents of the atmosphere, 
confiue the imponderable element of heat, ana com. 
pel it to expand an inert and inactive fluid into va. 
pour. Mighty as are the effects that are thus pro. 
duced, they are no more than applications of forces 
to whose source and origin we cannot approach ; and 
man in the exertion of his highest powers over mat- 
ter, is only rendered the more sensible of his depend, 
ance upon the Creator not only of his own frame, 
but of the natural agents, by the use of which he is 
enabled to accomplish so many important objects. 
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